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The first program, reported in AFML-TR-76-227, developed a model of the MC/DG,
the contents, cost drivers, data requirements and designer-oriented formats for
conventional and some emerging manufacturing technologies, and also an imple-
mentation plan.

The second program (Contract No. F33615-77-C-5027) consisted of four phases in
which manufacturing man-hour data and designer-oriented formats were developed
for "Sheet-Metal Aerospace Discrete Parts", "First-Level Mechanically Fastened
Assemblies", and "Advanced Composite Fabrication". Further, structural perfor-
mance/manufacturing cost trade-studies were conducted by designers in industry
to demonstrate utilization of the manufacturing man-hour data developed in this
program,

The data developed by the five participating aerospace companies were normalized
by Battelle's Columbus Laboratories and the data plotted in designer-oriented
formats. Data have been developed for base parts and discrete parts. The base
part is a structural element in its simplest form and when modified with de-
signer-influenced cost elements (DICE) such as Joggles, cutouts, and heat treat-
ment, a discrete part ready for assembly is obtained. Typical DICE analyzed for
mechanically fastened assemblies are accessibility, material types, part and
fastener counts, and sealing requirements. For composites, typical DICE are
orientation and number of plies, overlaps, fiber mix, cutouts, and quality re-
quirements.

The data are presented in the series of formats showing cost-driver effects
(CDE) and cost-estimating data (CED) and have been evaluated in trade-offs
on various fuselage panels designed in titanium, aluminum, and graphite/epoxy.

"The third program (Contract No. F33615-79-C-5102) required the development of
MC/DG sections on castings, forgings, extrusions, and test, inspection and
evaluation (TI&E). Furthermore, as castings, forgings, and extrusions are
normally machined prior to assembly in aerospace structures, data and formats
were developed for the machining of typical discrete parts manufactured utiliz-
ing these methods. TI&E was included in the MC/DG as, in the case of certain
materials such as graphite/epoxy and manufacturing methods such as castings,
this can be a cost-driver that needs to be included in trade-off studies compar-
ing various manufacturing methods.

The third program also required the development of an MC/DG for electronics
fabrication, assembly, and TI&E. A series of typical discrete parts such as
transistors, capacitors, diodes, and hybrids were analyzed and also, typical
assemblies such as printed wiring boards. Hand, semiautomatic and automatic
soldering and insertion processes were also analyzed. Furthermore, the manu-
facturing cost to meet typical reliability requirements in electronics is also
presented to the designer for the selected discrete parts.
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This project is reported in a six-volume Final Technical Report as follows:

VOLUME I. User's Manual - Airframes Volume 1
Contains:

9 Utilization Procedures
e Trade-Off Study Examples
* MC/DG Sections for:

- Sheet Metal
- Mechanically Fastened Assembly
- Composites

VOLUME II. User's Manual - Airframes Volume 2
Contains:

e MC/DG Sections for:

- Extrusions
- Castings
- Forgings

VOLUME III. User's Manual - Airframes Volume 3
Contains:

e MC/DG Test, Inspection & Evaluation Section for:
"- Sheet Metal
- Mechanically Fastened Assemblies
- Castings
- Forgings
- Machining
- Composites

VOLUME IV. User's Manual - Electronics Volume 1
Contains:

0 Design Process Descriptions
* Conceptual Design Section for:

- New Technology - Part Count
"- Number of Assemblies -Part Selection.. :.- CO mn Functions -- Reliability
- Digital Design -- Package
- Built-in Test

. Detail Design Section for:
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- Processes - Soldering Process
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FOREWORD

This Manufacturing Cost/Design Guide document covers the work performed
under Air Force Contract F33615-79-C-5102 from 1 October 1979 through
1 October 1982. The contract is sponsored by the Computer Integrated Manu-
facturing Branch, Manufacturing Technology Division, Materials Laboratory,
Air Force Wright Aeronautical Laboratories. The ICAM Project Manager is
Capt. Richard R. Preston. In previous phases, the following Air Force per-
sonnel directed the program; Mr. John R. Williamson, Capt. Dan L. Shunk, and
Capt. Steven R. LeClair.

The organization of the program is comprised of a coalition of seven
participating companies with Battelle's Columbus Laboratories (BCL) as the
prime contractor. Mr. Bryan R. Noton is the BCL Program Manager. The other
participating companies of the coalition are listed below:K> Airframe Company Subcontractors Program Managers

74 General Dynamics Corporation, Fort Worth Ben E. Kaminski
Division Phillip M. Bunting

Anthony J. Tornabe

Honeywell, Incorporated Robert R. Remski

Lockheed-California Company Anthony J. Pillera
V-:. John F. Workman

Northrop Corporation, Aircraft Group John R. Hendel
2• Al P. Langlois

Rockwell International Corporation, Ralph A. Anderson
North American Aircraft Operations

Rockwell International Corporation, Avionics John G. Vecellio
& Missiles Group, Collins Avionics Division

In Critique Mode: Boeing Commercial Airplane David Weiss
Company Peter H. Bain

Note that the number and date in the upper right corner of each page
of this document indicates that the document has been prepared according
to ICAM's Configuration Management Life Cycle Documentation requirements
for Configuration Items (CIs).

Approved by: , F
BRY#R. NOTON,
MC/DG Program Manager
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4.7 Test. Inspection & Evaluation (TI&E) Section

This section contains format selection aids, identification of the
types of parts analyzed for data to determine the manufacturing man-hour
data, examples of how the data are utilized in airframe design and a set
of MC/DG formats. These formats include cost-driver effects (CDE), cost-
estimating data (CED) and designer-influenced cost elements (DICE).

4.7.1 TI&E for Sheet Metal,

4.7.1.1 Format Selection Aids

Format selection aids are presented to provide the user with a build-
ing-block approach to determine manufacturing cost data for alternative
designs or processes. The designer can review the format selection trees
and identify those areas that have an impact on his design. The formats
provide cost-driver effects (CDE) for qualitative guidance to the lowest
cost and cost-estimating data (CED) in man-hours for conducting trade-
studies.

4.7.1-1

i • "" ' "' ' " ' ' ' "" . ' " .' - .''' o . "- ."" " "". ' ° • ' •: ; • - ' ". . . .



e- We

UII
- U

0 aU

c0 , I

LU

~za. 1: : ~is;
uo to 2

1.-Ow w

I.4.7.1-2



FTR4 502610QOU

3 Jan 1983

0 i-0

Uw a__cc____I
9j I j L§U

,c ,
w W C

o~

I..z

Z 4

0. U. -ýC



FTR450261000U
3 Jan 1983

4.7.1.2 Utilization Examples of Test, Inspection
and Evaluation (TI&E) Section

4.7.1.2.1 Example of Utilization for Aluminum Fairing

Problem Statement

Determine test, inspection and evaluation (TI&E) cost (man-hours) of an
aluminum (2024) fairing of deminsions: 36" x 12"; see sketch below. The
order will be for 200 parts.

ILII

L I

--------------------------------------- '-----

W = 12 inches
L = 36 inches

FIGURE 4.7.1-3 ALUMIUM FAIRING ANALYZED

Procedure

The following procedure is used to determine the TI&E cost of the
aluminum fairing.

1. Utilize the Format Selection Aid for Sheet Metal TI&E
(Figure 4.7.1-1 and Figure 4.7.1-2).

2. Determine the format to use. In this case, Format CED-TI&E-
A-22 (Figure 4.7.1-4) is required.

3. Study the format to determine the parameters and conditions
necessary for its use and relate these to the part. For
CED-TI&E-A-22 area (square feet) is needed, in this case

7 3 ft 2 .
4. From CED-TI&E-A-22, read values for the recurring cost and

nonrecurring tooling cost (NRTC):

4.7.1-4
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* Recurring cost at unit 200 - 0.11 man-hours per part

* NRTC = 17.2 man-hours for 200 parts or 17.2/200 =
0.086 "ý 0.09 man-hours per part

* The learning curve factor to convert unit cost at 200 to
cumulative average cost for a 90 percent curve and a
quantity of 200 is 1,17 (see Table 4.7.1-1).

The base part MIE cost is thus 0.11 (1.17) + 0.09 = 0.22man-hours per part.

5. Check for applicable Designer-Influenced Cost Elements (DICE).
Format indicates that DICE-D is applicable for TI&E of the
drop hammer manufacturing method for producing part. Since
the part drawing does not indicate any cutouts, there are no
additional DICE-TI&E charges. This implies that the calcu-
lated base part TI&E cost is the final test, inspection and

5. evaluation cost for the discrete part.

6. Obtain the cost (dollars) by multiplying 0.22 man-hours by
the applicable labor rate at your company.

4.7.1-5
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TABLE 4.7.1-1

FACTORS TO CONVERT THE MC/DG 200TH UNIT
COST TO THE CUMULATIVE AVERAGE COST

FOR THE DESIGN QUANTITY AND
LEARNING CURVE INVOLVED

DESIGN LEARNING CURVE-%
QUANTITY 95 90 85 80 75 70 65%'m -

1 1.48 2.25 3.48 5.50 9.00 15.00 27.00

10 1.33 1.79 2.47 3.48 5.04 7.53 11.67

25 1.25 1.59 2.05 2.71 3.68 5.13 7.43

so80 1.19 1.44 1.79 2.22 2.85 3.76 5.14

100 1.13 1.30 1.52 1.80 2.18 2.73 3.51

200 1.08 1.17 1.30 1.45 1.66 1.95 2.36

350 1.04 1.08 1.14 1.22 1.33 1.48 1.70

500 1.01 1.02 1.05 1.09 1.15 1.24 1.38

750 0.98 0.96 0.96 0.96 0.97 1.01 1.09
1000 0.96 0.92 0.89 0.87 0.87 0.88 0.91

4.7.1-7
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4.7.1.2.2 Utilization Example for Steel Skin

Problem Statement

Determine test, inspection and evaluation (TI&E) cost (man-hours) of
a PH15-7Mo steel skin, having circular and two cutouts, as shown below:

MA

Dimensions:

* Sheet developed size: 60" (length)

36" (width)

e Cutouts: A: 12"x6"

B: 4"x8"

FIGURE 4.7.1-5. STEEL SKIN ANALYZED

Procedure

The following procedure is used to determine the TI&E cost of the
steel skin.

1. Utilize the Format Selection Aid for Sheet Metal TI&E
(Figure 4.7.1-1 and -2).

2. Determine the formats to use. In this case, Formats CED-
TI&E-S-8 (Fig. 4.7.1-6) for skin and DICE-TI&E-6 (Table 4.7.1-2)
for the cutouts are applicable.

3. Study the formats to determine the parameters and conditions
necessary for their use. In this case, the area is required
in square feet, i.e., 15 ft 2 .

4.7.1-8
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4. From CED-TI&E-S-8 determine the base part recurring and non-

recurring tooling costs (NRTC) in man-hours.

e Recurring cost at unit 200 - 0.13 man-hours per part

e NRTC - 2.2 man-hours for 200 parts - 0-11 N 0.01 man-
hours per part

* Learning curve factor - 1.17 (see Table 4.7.1-1).

Therefore, the base part TI&E cost is: 0.13 (1.17) + 0.01 -

0.16 man-hours.

5. Analyze the manufacturing cost for Desigaer-Influenced Cost
Elements (DICE). For this discrete part, cutouts (DICE-D)
are called out on the drawing. Format CED-TI&E-S-8 indicatesthat DICE-D is applice%1e for TI&E of the Farnham Roll manu-

facturing method. Therefore, Format DICE-TI&E-6 is required
to determine the inspection cost of the cutouts.

DICE-TI&E-6 indicates that inspection of a standard cutout
requires 0.016 man-hours per cutout. The drawing shows two
cutouts, thus the total DICE TI&E cost is 2 x 0.016 - 0.032
man-hours.

6. Determine the test, inspection, and evaluation cost for the
discrete part by adding 0.16-+ 1.17 (0.032) - 0.20 man-hours
per part.

4.7.1-9
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TI&E DICE-SHEET METAL

NON-LINEAL SHAPES

STEEL

TI&E MAN-HOURS PER

CHARACTERISTIC INSPECTED

PART & METHOD SIZE A B C D E F G

Z Cylindrically

Contoured Skin

* Farnham Roll All 0.016 0.010

* Non-Cylindricallry
Contoured Skin

* Stretch Form All 0.016 0.010

* Frame

e Rubber Press All 0.012 0.008 0.010 0.010

A. Standard Joggle
B. Standard Flanged Hole
C. Heat Treatment (Removed from DICE)
D. Cutout Without Flanges
f. Trim-Lineal, Ends, Comers
F. Clean
0. NDT (Penetrant)

NOTE: These DICE Designations Do Not Correspond with the
Designations Used In the Sheet-Metal Forming Section.

FIGURE 4.7.1-6. FORMAT USED IN EXAMPLE

71-I&E-6

.4, 4. 7. 1-10
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4.7.1.2.3 Utilization Example for Titanium "Z"

Problem Statement

Determine test, inspection and evaluation (TI&E) cost (man-hours) of a
straight 6A1-4V titanium "Z' section stringer, having the dimensions shown
on the sketch on the following page.

Procedure

The following procedure is used to determine the TI&E cost for the
titanium "Z" sectioi.

1. Utilize the Format Selection Aid for Sheet Metal TI&E (page

(Figures 4.7.1-1 and -2).

2. Determine the appropriate format for the base part; in this
case CED-TI&E-T-5 (Figure 4.7.1-7).

3. Study the format to determine the parameters and conditions
required for use. In this case, part length, in feet, and
bend radius are needed. For the purposes of this example,
consider that either of the bend radius ranges indicated on
the format could be used, and determine which design would
have the lowest TI&E cost. Thus, we have the following two
cases for the part:

(a) Part length - 84 in. - 7 ft
Bend radius (R) 2 5 t.

(b) Part length - 84 in. - 7 ft
Bend radius (R) 2t < R < 5t.

4. Determine the base part recurring and nonrecurring tooling
4 costs (NRTC) (man-hours) for each case using CED-TI&E-T-5

and the learning curve factor of 1.17 from Table 4.7.1-1:

(a) Using curve (1)

* Recurring cost at unit 200 0.08 man-hour per
part

* NRTC - 5 man-hours per 200 parts
- 0.025 man-hour per part.

Base-part cost - 0.08 (1.17) + 0.025 0.119 man-
hour per part.

(b) Using curve (2)

* Recurring cost at unit 200 0.08 man-hour per
part

* NRTC -. 21 man-hours per 200 parts
- 0.105 man-hour per part.

Base-Part Cost = 0.08 (1.17) + 0.105 - 0.199 man-

hour.

4.7.1-12
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5. Check for applicable DICE. The example has flanged lightening

holes (DICE-B) and trim prior to forming.

For Case (a), Format CED-TI&E-T-5 (Fig. 4.7.1-7) shows that
DICE-B and DICE-E are applicable to TI&E of the brake forming
method.

For Case (b), the format indicates that the same DICE are
applicable for TI&E of the preform/hot size method as for the
brake formed part.

DICE costs for Cases (a) and (b) are found by again utilizing
the Format Selection Aid and determining that Format DICE-
TI&E-3 (Table 4.7.1-3) is applicable. The parameters required
are the number of flanged holes and number of trims, Eight
flanged holes are required in the airframe part and the
number of trims required is five. The TI&E DICE costs are:

e Flanged holes: 0.006 x 8 - 0.048 man-hours per part

9 Trim prior to forming: 0.010 x 5 - 0.050 man-hour
per part.

6. Determine total TI&E costs (man-hours):

a Case (a): 1.17 (0.08 + 0.048 + 0.050) + 0.025 -
0.223 man-hours

* Case (b): 1.17 (0.08 + 0.048 + 0.050) + 0.105 -
0.313 man-hours.

This shows that it is less costly to test, inspect and
evaluate the part with a bend radius of > 5t, if the design
constraints permit the utilization of this part.

4.7.1-13
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TI&E DICE-SHEET METAL
LINEAL SHAPES

TITANIUM

TI&E MAN-HOURS PER
CHARACTERISTIC INSPECTED

- .-.-.-.-- - -- m

PART &METHOD SIZE A B C D E F G
,:• •Straight

• • •Broke Formed

* Room Temperature All 0.007 0.006

* Straight

%7Preform and All 0.007 ) 0.006 0
Hot Size

* Contoured

* Preform and All 0.012 0.008 0.010 0.010
Hot Size

* Contoured

• Brake and All 0.008 0.007 0.010
Hot Stretch

A. Standard Joggle
B. Standard Flanged Hole
C. Heat Treatment (Removed from DICE)
0. Cutout Without Flanges
E. Trim-Lineal, Ends, Corners
F. Clean
0. NDT (Penetrant)

NOTE: These DICE Designations Do Not Correspond with the
Designations Used In the Sheet-Metal Forming Section.

FIGURE 4.7.1-9. FORMAT USED IN EXAMPLE

¶ . ETI&E-iJ
,F D7CE.1-5

4.7.1-1'5
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4.7.1.3 Data for TI&E of Sheet Metal

The data on the following pages provide designer guidance to lowest

costand enable trade-off studies to be conducted. The data indicates the

impact of TI&E on discrete part cost. The data is for aluminum, titanium,
and steel.

4v

Pt i7

4711
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TI&E DICE-SHEET METAL
LINEAL SHAPES

ALUMINUM

TI&E MAN-HOURS

CHARACTERISTICS INSPECTED

PART & METHOD SIZE A B C D E F G

* Straight Brake
Formed All 0.007 0.006 0.006

* Cylindrically
Contoured 24" & 48" 0.008 0.006 0.010 0.053

* Brake and RlII
Formed 96" & 144" 0.008 0.006 0.010 0.063

* Non-Cylindrically
Contoured 24" & 48" 0.014 0.008 0.010 0.010 0.053

* Rubber Press

Formed 96" & 144" 0.014 0.008 0.010 0.010 0.063

* Non-Cylindrically
Contoured 24" & 48"' 0.008 0.006 0.010 0.053

* Brake & Stretch
Formed 96" & 144" 0.008 0.006 0.010 0.063

A. Standard Joggle
B. Standard Flanged Hole
C. Heat Treatment (Removed from DICE)
D. Cutout Without Flanges
E. Trim-Lineal, Ends, Corners
F. Clean
0. NDT (Penetrant)

NOTE: These DICE Designations Do Not Correspond with the
Designations Used in the Sheet-Metal Forming Section.

TDICE-TI&E-1 :

4 7-.
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TI&E DICE-SHEET METAL
NON-LINEAL SHAPES

ALUMINUM

TI&E MAN-HOURS PER
CHARACTERISTIC INSPECTED

PART & METHOD SIZE A B C D E F G

* Flat Sheet All

eRout

* Cylindrical
Curvature Skin

* Farnham Roll All 0.010

* Non-Cylindrical
Curvature Skin

* Stretch Form All 0.010

* Fairing

* Drop Hammer All 0.010

eRib

* Rubber Press All 0.012 0.008 0.010 0.010

6Bcaded Panel

• Rubber Press All 0.010

A. Standard Joggle
B. Standard Flanged Hole
C. Heat Treatment (Removed from DICE)
D. Cutout Without Flanges
E. Trim-Lineal, Ends, Corners
F. Clean
G. NDT (Penetrant)

NOTE: These DICE Designations Do Not Correspond with the
Designations Used In the Sheet-Metal Forming Section.

1 11 .o ICE-TI&E-
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TI&E DICE-SHEET METAL

LINEAL SHAPES

TITANIUM

TI&E MAN-HOURS PER
CHARACTERISTIC INSPECTED

PART & METHOD SIZE A B C D E F G

e Straight

* Brake Formed

* Rooin Temperature All 0.007 0.006 0.006 0.010

* Straight

• Preform and All 0.007 0.006 0.006 0.010
Hot Size

e Contoured

e Preform and All 0.012 0.008 0.010 0.010
Not Size

* Contoured

* Brake and All 0.008 0.007 0.010

riot Stretchj

A. Standard Joggle
B. Standard Flanged Hole
C. Heat Treatment (Removed from DICE)
D. Cutout Without Flanges
E. Trim-Lineal, Ends, Corners
F. Clean
G. NOT (Penetrant)

NOTE: These DICE Designations Do Not Correspond with the
Designations Used In the Sheet-Metal Forming Section.

I VI
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TI&E DICE-SHEET METAL
NON-LINEAL SHAPES

s TITANIUM

TI&E MAN-HOURS PER
CHARACTERISTIC INSPECTED

PART & METHOD SIZE A B C D E F G

•Cylindrically
Contoured Skin

* Farnham Roll All 0.012 0.010

. Non-Cylindrically
Contoured Skin

* Creep Form All 0.012 0.010

* Frame

* Hot Press All 0.012 0.008 0.010 0.010

A. Standard Joggle
B. Standard Flanged Hole
C. Heat Treatment (Removed from DICE)
0. Cutout Without Flanges
E. Trim-Linoal, Ends, Corners
F. Clean
G. NDT (Penetrant)

NOTE: These DICE Designations Do Not Correspond with the
Designftlons Used in the Sheet-Metal Forming Section.

• -. DICE-TI&E-4
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Va

TI&E DICE-SHEET METAL
LINEAL SHAPES

STEEL

TI&E MAN-HOURS PER
CHARACTERISTIC INSPECTED

PART & METHOD SIZE A B C D E F G

* Straight

* Brake
Formed All 0.007 0.006 0.006 0.008

* Contoured

* Brake and
Roll All 0.007 0.006 0.010

* Contoured

9 Rubber Press All 0.012 0.008 0.010 0.010

A. Standard Joggle

0. Standard Flanged Hole
C. Heat Treatment (Removed from DICE)
D. Cutout Without Flanges
E. Trim-Lineal, Ends, Comers
F. Clean
G. NDT (Penetrant)

NOTE: These DICE Designations Do Not Correspond with the
Designations Used In the Sheet-Metal Forming Section.

DIETI&E-5-.
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TI&E DICE-SHEET METAL
NON-LINEAL SHAPES

STEEL

TI&E MAN-HOURS PER
CHARACTERISTIC INSPECTED

PART & METHOD SIZE A B C D E F G

e Cylindrically
Contoured Skin

* Farnham Roll All 0.016 0.010

e Non-Cylindrically
Contoured Skin •

* Stretch Form All 0.016 0.010

* Frame

* Rubber Press All 0.012 0.008 0.010 0.010

A. Standard Joggle
9. Standard Flanged Hole
C. Heat Treatment (Removed from DICE)
D. Cutout Without Flanges
E. Trim-Lineal, Ends, Corners
F. Clean
G. NDT (Penetrant)

NOTE: These DICE Designations Do Not Correspond with the
Designations Used in the Sheet-Metal Forming Section.

ft..
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4.7.1.4 Ground Rules for Test, Inspection & Evaluation
(TI&E) of Sheet Metal Section

The following General and Detailed Ground Rules for the Section on
Test, Inspection & Evaluation (TI&E) of Sheet Metal were developed to estab-
lish the scope of the data required and to establish guidance to MC/DG
application. Ground rules are necessary and important as they promote
understanding, ensure consistency, uniformity, and accuracy in generating
and integrating data into the formats.

4.7.1.4.1 General Ground Rules

The general ground rules are categorized under the following

major groups:

(a) TI&E of Sheet Metal Discrete Parts

(b) Materials

(c) TI&E Methods

(d) Facilities & Equipment

(e) Data Generation - TI&E Recurring Costs

(f) Data Generation - TI&E Nonrecurring Costs

(g) Support Function Modifiers

(h) Test and Evaluation of Data.

(a) TI&E of Sheet Metal Discrete Parts

(1) The aerospace sheet metal discrete parts are those depicted

in the MC/DG demonstration section and are representative

of common structural parts required for both anall and large

aircraft.

(2) The TUE section will include only those parts identified

and described in the MC/DG sheet metal demonstration section.

(3) The selected discrete parts will be defined and dimensioned

in such a manner that it will enable the TI&E effort to ade-

quately display the effect on part cost of DICE, e.g., non-

destructive test (NDT).
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(b) Materials

(1) The materials are as specified in the MC/DG sheet metal

section, i.e., aluminum, steel, and titanium.

(c) TI&E Methods

(1) Only conventional methods required to test, inspect, and

evaluate the sheet metal parts in the configurations

selected will be considered.
(2) A production, in contrast to a prototype, environment will

be assumed for the TI&E of sheet metal aerospace discrete

parts.

(3) To generate an effective TI&E data base for each selected

part, a quality assurance operational sequence for each

discrete part type will be established, reflecting the most

economical inspection procedures. This standardized sequence

will be used by each team member to determine the TI&E cost.

(d) Facilities and Equipment

(1) Only standard quality assurance facilities And equipment

available to the airframe industry will be considered.

(e) Data Generation - Recurring Costs

(1) Recurring man-hour data will be generated for the TI&E in

part fabrication and will, therefore, include all the TI&E

functions from the release of part to production operations

through final inspection.

(2) The base part TI&E man-hours will be generated for each

part.

(3) The TI&E DICE elements will be treated as separate cost

elements, and therefore, will not be included in the TI&E

base cost.

(4) The quantity for which the base part and the DICE TI&E cost

will be determined is at unit 200. A lot size of 25 will

be applied.
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(5) Cost data will be presented in standard man-hours.
(6) Recurring tooling TI&E costs (tool maintenance, tool

calibration, etc.) will not be included.

(7) The TI&E data submitted to BCL will be the base part

TI&E costs (standard man-hours) plus the TI&E cost

(standard man-hours) of DICE associated with the dis-

crete part design.

(8) In developing TI&E cost data for parts, each partici-

pating company may utilize its own proprietary improve-

ment curves.

(9) The TI&E costs (standard man-hours), as derived by each

contributing team member company, will be normalized by

BCL to reflect an industry team average.

(10) For proprietary reasons, business sensitive information
employed at team member contributing companies will not

be presented in the MC/DG.

(11) No data pr'ovided by any team member will be disclosed to

other team members, agencies, or to the public without

the expressed approval of the team member.

(f) Data Generation - Nonrecurring Costs

(1) Tool inspection TI&E cost will be generated for each part

type.

(2) TI&E planning (quality planning) costs will be evaluated

with respect to their impact to determine whether they

should be included or omitted.

(3) The TI&E cost of production tooling, if included, will be

restricted to contract or project tools only for presen-

tation in the MC/DG.

(4) Nonrecurring tooling costs (NRTC) generated by team com-

panies will be normalized by BCL to reflect an industry

team average.
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(g) Support Function Modifiers

(1) Additional effort, other than direct factory labor and

"TI&E, will be excluded from the part cost data supplied

to BCL. Other modifiers may be included later by the

"MC/DG user at airframe companies.

(h) Test and Evaluation of Data

(1) Test and confirmation of the formats and integrated data

will be accomplished by one team member. Each of the

remaining team members will be provided with the evalu-

ation. Any anomalies will be resolved and modifications

incorporated as appropriate.

4.7.1.4.2 Detailed Ground Rules

The detailed ground rules for TI&E will be categorized under the

Sfollowing major groups:

(a) Materials

(b) Tolerances

(c) Discrete parts
(d) Quality control methods
(e) Inspection operations.

(a) Materials

(1) The materials selected for sheet metal discrete parts

will be:

* Aluminum (2024)
* Titanium (6Al-4V)

o Steel (PH 15-7Mo).

(2) Treatment required for any of these materials ýo increase
physical properties, or to improve formability, is to be

indicated on the part sketches to enable adequate costing

of the TI&E effort.
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(b) Tolerances

(1) Parts will be assumed to be formed using standard bend

radii as dictated by the material type and thickness.

(2) Parts will be assumed to be manufactured to a linear toler-

ance of +0.030 inch and an angular tolerance of +0* 30'.

(c) Discrete Parts

(1) Drawings of the sheet metal aerospace discrete parts

showing configurations, dimensions, joggles, holes,

trim, heat treatment, etc., will be used so that each

team member may estimate TI&E base standard hours in a

consistent manner.

(d) Quality Control

(1) Quality control methods used for the TI&E of the respec-

tive parts will be specified by an operational sequence

for TI&E, and on a developed data collection form.

(2) Where more than one TI&E method exists to inspect a dis-

crete part, data will be generated for each method to re-

veal the comparative cost relationships to the designer.

(e) Inspection Operations

(1) The following will be typical TI&E operations that should

be evaluated:

* In-process material verification

e Dimensional

e NDT (penetrant)

* Hardness

* Finish system

e Identification.
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4.7.2 TI&E for Mecbanically Fastened Assemblies

4.7.2.1 Format Selection Aids

Format selection aids are presented to provide the user with a build-

ing-block approach to determine TI&E cost data for alternative designs or
processes. The designer can review the format selection trees and identify
those areas that have an impact on his design. The formats provide cost
and cost-estimating data (CED) in man-hours for conducting trade-studies.

4.7.2-1



FTR450261000U

* FORMAT SELECTION AID 3 Jan 1983

TEST, INSPECTION AND EVALUATION (TI&E)
MECHANICALLY FASTENED ASSEMBLIES

ALUMINUM

I N /U
OR

TITANIUM

r RIVETS

ALUMINUM TITANIUM

SCETD CED

CE E CED

RECURRING RECURRING
INSTALLATI ON INSTALLATION

COST COST
CEO-TI&E-MFA-1 CED-TI&E-MFA-2

NONRECURRING NONRECURRING
INSTALLATION INýTALLATION

COST COST
CED-TI&E-MFA-3 CED-TI&E-MFA-3

SEALANT SEALANT

VERIFCATION VERIFICATION

DICE-TI&E-M.A.I DICE-TI&E-MFA-1

FIGURE 4ý7.2-1
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4.7.2.2 Example of Utilization

This example demonstrates to the designer how the mechanically
fastened assembly data is utilized on a specific design problem. The
example shows how to identify applicable formats, how to extract data
from the formats, and provides a discussion on how the data are used
to determine the TI&E cost in man-hours or dollars. The MC/')G cost
worksheet can be used to record the cost data for easy refe:ence and
to determine the total program cost. The MC/DG worksheet ,ppears as
Table 3-3.

4.7.2.2.1 Utilization Example for Mechanically Fastened Assembly

Problem Statement

Determine test, inspection,, and evaluation (TI&E) cost (man-hours)
for an aluminum (2024) first-level assembly as shown in Figure 4.7.2-2.

,The design quantity will be 200.

Procedure

The following procedure is used to determine the TI&E cost of the
assembly:

1 . Utilize the Format Selection Aid for Mechanically Fastened
Assemblies TI&E (Figure 4.7.2-1).

2. Determine the formats to use. In this case, Formats CED-
TI&E-MFA-I (Fig. 4.7.2-3) and CED-TI&E-MFA-3 (Fig. 4.7.2-4)
are required.

3. Study the formats to determine the parameters and conditions
necessary for use. To use CED-TI&E-MFA-l, the number of
fasteners and fastening method must be specified. The sketch
indicates 133 fasteners with the faying surface sealed. For
this example, manual and 80 percent automatic/20 percent
manual riveting will be considered. To use CED-TI&E-MFA-3,
the number of fasteners is required.

4. Determine the values for recurring cost and nonrecurring
tooling cost (NRTC) from the formats:

(a) Manual

o Recurring cost at unit 200= 0.71 man-hours per
part

9 NRTC = 1.75 man-hours per 200 parts
- 0.009 = 0.01 man-hours per part

0 The learning curve factor to convert unit cost
at 200 to cumulative average cost for an 80 per-
cent curve and a quantity of 200 is 1.45 (see
"Table 4.7.2-1).

Total cost 1.45 (0.71) + 0.01 = 1.04 man-hours per
part.

4.7.2-3

........................



"FTR450261000U
3 Jan 1983

(b) 80 percent Automatic/20 percent Manual

e Recurring cost at unit 200 0.64 man-hours per
part

9 NRTC = 1.75 man-hours per 200 parts
- 0.009 = 0.01 man-hours per part.

Total cost = 1.45 (0.64) + 0.01 = 0.94 man-hours per
part.

5. Check for applicable DICE. The drawing specifies that the
faying survace be sealed. This condition is found on
DICE-TI&E-MFA-1 (Fig. 4.7.2-5). The parameters for
utilization of this format are the part area and the sealing
requirements. The part area is 56.30/12 x 30.15/12 =
11.79 ft 2 . The sealing requirements state that the faying
surface must be sealed. Given these parameters, the TI&E
DICE cost is 0.13 man-hours for this part.

6. Calculate the total cost. From the data above, the total
costs are :

(a) Manual

1.45 (0.71 + 0.13) + 0.01 = 1.23 man-hours per part

(b) 80 percent automatic/20 percent manual

1.45 (0.64 + 0.13) + 0.01 = 1.23 man-hours per part.

Thus, inspection is less costly for the combined automatic/
manual fastening method.

4.7.2-4
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TEST, INSPECTION AND EVALUATION (TI&E)
RECURRING MAN-HOURS FOR MECHANICALLY

FASTENED ALUMINUM ASSEMBLIES

3.0 -

h2.0

2.0

-- =,.,. Manua ,,

00 ,/Automatic/Manual
1.0

0I
oII I II

0 200 400 600 800 1000
Number of Fasteners

FIGURE 4.7.2-3. FORMAT USED IN EXAMPLE CED'TI&E'MFA'l _
4.7.2-6 .
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TEST, INSPECTION AND EVALUATION (TI&E)
NONRECURRING TI&E MAN-HOURS FOR
ALUMINUM AND TITANIUM ASSEMBLIES

USING MANUAL OR COMBINED AUTOMATIC/
MANUAL FASTENING METHODS

20 -

*1"

10c

c

0

Il I I -

2, 'I

0 200 400 600 800 1000
Number ot Fasteners

FIGURE 4.7.2-4. FORMAT USED IN EXAMPLE

ICED-TI&E-MFA-3
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TABLE 4.7.2-1

FACTORS TO CONVERT THE MC/DG 200TH UNIT
COST TO THE CUMULATIVE AVERAGE COST

FOR THE DESIGN QUANTITY AND
LEARNING CURVE INVOLVED

DESIGN LEARNING CURVE-%
QUANTITY 95 90 85 80 75 70 65

1 1.46 2.25 3.48 5.50 9.00 15.00 27.00

10 1.33 1.79 2.47 3.48 5.04 7.53 11.67

25 1.25 1.59 2.05 2.71 3.68 5.13 7.43

so 1.19 1.44 1.79 2.22 2.85 3.76 5.14
100 1.13 1.30 1.52 1.80 2.18 2.73 3.51

200 1.08 1.17 1.30 1.45 1.66 1.95 2.36

350 1.04 1.08 1.14 1.22 1.33 1.48 1.70

S00 1.01 1.02 1.05 1.09 1.15 1.24 1.38

750 0.96 0.96 0.96 0.96 0.97 1.01 1.09

1000 0.96 0.92 0.89 0.87 0.87 0.88 0.91
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TEST, INSPECTION AND EVALUATION (TI&E)
MECHANICALLY FASTENED ASSEMBLIES

RECURRING COST/PART FOR TI&E OF DICE FOR
ii. ALUMINUM AND TITANIUM ASSEMBLIES USING

MANUAL OR COMBINED AUTOMATIC/MANUALFASTENING METHODS

0.40J--

0.35 A

0.30- - -

~,0.25 - _ --

0i•X 0.20

0.10 -

0.05

0
0 5 10 15 20 25 30 35 40 45 50

AREA, SQUARE FEET

(A) PERMISSIBLE TO SEAL AND VERIFY SEALANT ON FASTENER AND FAYING SURFACE
(B) PERMISSIBLE TO SEAL AND VERIFY SEALANT ON FASTENER ONLY

FIGURE 4.7.2-5. FORMAT USED IN EXAMPLE

S4.7.2-9 DICE-TI&E-MFA-1
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4.7.2.3 Airframe Assemblies Analyzed

The airframe assemblies analyzed to determine the TI&E man-hours are
those studied in Section 4.2 '"echanically Fastened Assemblies" (Figures
4.2-4 to 4.2-7).

4.7.2.4 TI&E Data for Airframe Assemblies

The MIE data for airframe assemblies on the following pages are pre-
sented to the designer using cost-estimating data (CED) and designer-

influenced cost element (DICE) formats for trade-studies.

K
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TEST, INSPECTION AND EVALUATION (TI&E)
RECURRING MAN-HOURS FOR MECHANICALLY

FASTENED ALUMINUM ASSEMBLIES

3.0 - -

VC

H L
S2.0 /•

w

C. o . Manual"E l. "E

-Automatic/Manual

1.0

01-0

"0 0 200 400 600 800 1000
Number of Fasteners

"C.ED-TI&E-MFA-1
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TEST, INSPECTION AND EVALUATIOa (TI&E)
RECURRING MAN-HOURS FOR MECHANICALLY

FASTENED TITANIUM ASSEMBLIES

6.0 T

e 5.0

C Manua

4.0

3.0-
C

O•" 2,0 ,- //iAutomatic/MVanual

1.0

0 200 400 600 800 1000

Number of Fasteners

CED-TI&E-MFA-2
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TEST, INSPECTION AND EVALUATION (TI&E)
NONRECURRING TI&E MAN-HOURS FOR
ALUMINUM AND TITANIUM ASSEMBLIES

USING MANUAL OR COMBINED AUTOMATIC/
MANUAL FASTENING METHODS

20

!i : • 10 -i.- -- -o-,

c

• 0
, 0 200 400 600 Boo 1000

•" Number of Fasteners

I'.i

CED-TI&E-MF-3
;'J 4.7.2-13
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TEST, INSPECTION AND EVALUATION (TI&E)
MECHANICALLY FASTENED ASSEMBLIES

RECURRING COST/PART FOR TI&E OF DICE FOR
ALUMINUM AND TITANIUM ASSEMBLIES USING
MANUAL OR COMBINED AUTOMATIC/MANUAL

FASTENING METHODS

0.40

0.35-

A
0.30- - - - --

JB
0.25S - - _B_

I0.2

X 0.20 _ _

2

0.15 
-0- 0 -

0.10

0.05

0 "

0 5 10 15 20 25 30 35 40 45 s0

AREA, SQUARE FEET

(A) PERMISSIBLE TO SEAL AND VERIFY SEALANT ON FASTENER AND FAYING SURFACE
(B) PERMISSIBLE TO SEAL AND VERIFY SEALANT ON FASTENER ONLY

E-TI&E-MFA-1
4. 7. 2-14 DICE_____________
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4.7.2.5 Ground Rules for Test, Inspection & Evaluation
(TI&E) of Mechanically Fascened Assemblies Section

The following General and Detailed Ground Rules for the Section on
Test, Inspection & Evaluation (TI&E) of Mechanically Fastened Assemblies
were developed to establish the scope of the data required and to establish
guidance to MC/DG application. Ground rules are necessary and important as
they promote understanding, ensure consistency, uniformity, and accuracy in
generating and integrating data into the formats.

4.7.2.5.1 General Ground Rules

The general ground rules are categorized under the following

major groups:

(a) First Level Mechanically Fastened Assemblies (MFA)

(b) Materials

"(c) TI&E Methods

(d) Facilities and Equipment

(e) Data Generation - TI&E Recurring Costs

(f) Data Generation - TI&E Nonrecurring Costs

(g) Support Function Modifiers

(h) Test and Evaluation of Data.

(a) First Level Mechanically Fastened Assemblies

(1) The selected mechanically fastened assemblies are those

depicted in the MC/DG demonstration section and are repre-

sentative of comon first level assemblies required for

both small and large aircraft.

(2) The majority of discrete parts used in these assemblies

was selected from the demonstration section for "Sheet

Metal Aerospace Discrete Parts."

(3) The selected assemblies are an avionics bay panel, a fuse-

lage panel with a cutout and a fuselage door assembly. The

cost driver of accessibility has therefore been limited to

the configurations of these panels.

4.7.2-15
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(b) Materials

(1) The materials selected for the TI&E procedures are:

o Aluminum - 2024U Titauium - 6A1-4V.

(c) TI&E Methods

(1) Only co:.ventional methods required to test, inspect, and

evaluate the assemblies selected will be considered.

(2) A production, in contrast to a prototype, environment

will be assumed for the TI&E of mechanically fastened

assemblies.

(3) To generate an effective TI&E data base for the selected

assemblies, a quality assurance operational sequence for

each assembly will be established reflecting the most

economical inspection procedure. This standardized se-

quence will be used by each team member to determine

the TI&E man-hours cost.

(d) Facilities and Equipment

S(1) Only standard quality assurance facilities and equipment

available to the airframe industry will be considered.

(e) Data Generation - Recurring Costs

(1) Recurring man-hour cost data will be generated for the

complete TI&E process for each of the selected assemblies.

(2) A TI&E cost will be generated for each assembly type, two

sizes (24" x 36" and 48" x 96") aluminum and titanium,

manual and semiautomatic or automatic/manual methods.

(3) TI&E DICE elements will be treated as separate cost ele-

ments and, therefore, not included in the TI&E base cost.

(4) The quantity for which the base part and DICE TI&E cost

will be determined is at unit 200.

(5) TI&E man-hours associated with DICE and other cost drivers

will be identified.

4.7.2-16
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(6) Cost data will be presented in standard man-hours.

(7) TI&E time consists of the standard man-hours to set up

and complete the TI&E procedures.

(8) Recurring tooling TI&E costs (tool maintenance, tool

calibration, etc.) will not be included.

(9) The TI&E data submitted to BCL will be the base-part

cost (standard man-hours) plus the TI&E costs (standard

man-hours) of DICE associated with the discrete part

design.

(10) In developing TI&E cost data for parts, each partici-

pating company may utilize its own proprietary improve-

ment curves.

(11) The TI&E part cost (standard man-hours) as derived by

each contributing team member company will be normalized

by BCL to reflect an industry team average.

(12) For proprietary reasons, business sensitive information

employed at team member contributing companies will not

be presented in the MC/DG.

(13) No data provided by any team member will be disclosed to

other team members, agencies, or to the public without the

expressed approval of the team member.

(f) Data Generation -Nonrecurring Costs

(1) The TI&E tooling costs are to be developed for each

assembly type, e.g., inspection of check fixtures,

templates, etc.

(2) The TI&E of production tooling, if included, will be

restricted to contract or project tools only for pre-

sentation in the MC/DG.
(3) Nonrecurring tooling costs (NRTC) generated by the team

companies will be normalized by BCL to reflect an in-

dustry team average.

4.7.2-17
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(g) Support Function Modifiers

(1) Additional effort other than quality control and assur-

ance, such as manufacturing engineering and planning,

will be excluded from the TI&E cost data supplied to BCL.

Other modifiers may be included later by the MC/DG users

at airframe companies.

(h) Test and Evaluation of Data

(1) Test and confirmation of the formats and integrated data

will be accomplished by one team member. Each of the

remaining team members will be provided with the evalua-

tion. Any anomalies will be resolved and modifications

incorporated as appropriate.

4.7.2.5.2 Detailed Ground Rules

(1) Assembly procedures to be evaluated for TI&E are:

(a) Manual installation

(b) Combination manual and automatic installation

(c) DICE - Wet and dry installation of fasteners

and faying surface seal.

(2) Fastener installation types to be evaluated are:

(a) Upset rivets

e Aluminum panels - AD rivets

e Titanium panels - Bimetallic titanium rivets

(b) HI-LOK pin/collar.

(3) Tolerances - location and hole sizes corresponding to indi-

vidual team company standards will be evaluated.

(4) Rivet head flushness will be evaluated to individual company

standards.

(5) All assemblies will be evaluated in aluminum and titanium

materials.

4.7.2-18
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(6) All detail parts and fasteners used in the assemblies are

assumed to have been inspected and accepted in prior

operations.

(7) No mister hard points or interchangeability requirements.

(8) The following assemblies will be evaluated for both manual

and combination automatic/manual:

Ila -AL -1- A* Ila -TI -1- A*

Ila -AL -1- D* Ila -TI -1- D*

1a -AL -2- A 0a -TI -2- A

Ila -AL -2- D Ila -TI -2- D

Iha -AL -3- A Ila -TI -3- A

Ila -AL -3- D Ila -TI -3- D.

"-uj.E w.111 im evaluaLed and reported.
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4.7.3 TI&E for Castings

4.7.3.1 Format Selection Aid

The format selection aid is presented in Fig. 4.7.3-1 to provide the
user with a building-block approach for determining TI&E cost data for
alternative designs and casting processes. The designer can review the
format selection aid and identify those areas that have an impact on his
design. The formats provide cost-estimating data (CED), in man-hours,
for conducting trade-off studies.

4.7.3.2 Example of Utilization

4.7.3.2.1 Utilization Example for Bell Crank

Problem Statement

The utilization example for TI&E for Castings has been integrated
with the utilization example determining the manufacturing cost of a
cast bell crank. This example is described in Section 4.5.2.1 of
Volume 2 (UM 450261000).

77
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MANUFACTURING COST/DESIGN GUIDE (MC/DG)

FORMAT SELECTION AID
TEST, INSPECTION AND EVALUATION (TI&E)

CASTINGS

COST ESTIMATING DATA

,.,.ALUIMINUIM CED-TI&E-C-2

STA IC TEST, STEEL CED-TI&E-C-3 J

X-N RAY CED-TI&E-C-5

PE ET AN C -TI&E-C-5

FIGURE 4.7.3-1
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4.7.3.2 Casting Parts Analyzed

The casting parts analyzed are identical to those shown in MC/DG
Section 4.5.

4.7.3.3 TISE Data for Castings

The data developed for designer guidance and to conduct trade-
studies are presented on CED and DICE formats on the following pages.
The data supplements that provided for the manufacturing processes
for castings in Section 4.5.

4.7.3-3
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CASTING TEST, INSPECTION & EVALUATION

X-RAY COST

Film Size, Inches

5x7 8x10 10x12 11x14 11x17
14

SSteel

12 -

10 /Aluminum

S4 Minimum Charge
€ •$15 Per Lot

2

0 40 80 120 160 200 240

Film Area, Square Inches

I CED-TI&E-C-4I

4.7.3-7
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CASTING TOLERANCES
COST-DRIVER EFFECT

17-413H Investment Cast 17-4PH Investment Cast
2 2

- U)

*oo

0±0.01 ±0.02 ±0.03 0±0.01 ±0.02 ±0.03

356iA356 Aluminum 356/A356 Aluminum
Investment Cast Investment Cast

2 2

z

-N

±0.01 ±0.02 ±0.03 100 ±0.02 ±0.03

356/A356 Aluminum 356/A356 Aluminum
2 ____Sand C.,ast 2Sand Cast

2 2

-oo

0 01
±0.01 ±0.02 ±0.03 ±0.01 ±0-02 ±0.03

Linear Tolerance, Inches Wall Tolerance, Inches
G~impractical LierDmnin ICDE-DICE-C-I

*Based on a 7-Inch LierDieso
4. 7.3-10
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"X-RAY GRADE REQUIREMENT

COST DRIVER EFFECT

CASTINGMATERIAL & X-RAY GRADE EFFECT

PROCESS

356/A356 D OR C BASE

ALUMINUM D OR C WITH 10% B +15%

SAND CAST D OR C WITH 50% B +25%

B +50%

356/A356 D OR C BASE

ALUMINUM D OR C WITH 10% B +10%

INVESTMENT D OK. WITH 50% B +20%

CAST B +50%

17-4PH CRES DORC BASE

INVESTMENT D OR C WITH 10% B +20%

CAST D OR C WITH 50% B +30%

B +60%

NOTE: X-Ray Grade A Is an Impractical Requirement
for General or Local Areas of Casting. CCE I I

4.7.3-11
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COST IMPACT OF CHANGE IN CAST THICKNESS

COST-DRIVER EFFECT

3
o 02.5 -. _

0.217-4PH Cres

2 Investment
Casting. 1.5

3

o02.5 -

356/A 356 Aluminum
2 Investment

Casting

-'-.,' 356/A 356 Aluminum
____1.Sand Casting

0~ --1 0.5 1.0 1.5 2.0
Baseline Cast I Cast Thickness (Inches) for
---Thickness--' "Up to 50%" of Casting

19"32ICDE-DICE-C-IIII

4.7.3-12
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CAST SURFACE FINISH

COST-DRIVER EFFECT

I C S
Casting Surface Cost Effort

356/A356 356/A356
Aluminum &Cast Equivalent Aluminum 17-4 Cres Invest-

Surface Machine Sand Casting nient Casting
Finish Finish - % of Surface % of Surface
Designation Micro Inches

10% 50% 10% 50%

C-25 250 Base Base Base Base

C-20 200 +10% +20%
C-15 ISO +10%/ • 1I

N!

C-12 125 +10% (1) Base Base

C-9 900 00
C-6 63 0 0 0 0

impractical

4.7.3-13 ICDE-DICE-C-IV
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IMPACT OF CORES AND DEGREE OF CORE SUPPORT
ON COST OF ALUMINUM SAND CASTINGS

COST-DRIVER EFFECT

3

Multiple Cores

0
S2

0~ Single Core

Minimum _ Well
Support Increasing Supported

Support

4.7.3-14 CD DCEuI
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4.7.3.4 Ground Rules for Castings Section (including TI&E)

The following General and Detailed Ground Rules for the Castings
Section were developed to establish the scope of the data required and
to establish guidance to MC/DG application. Ground rules are n•-essary
and important as they promote understanding, ensure consistency, uni-
formity, and accuracy in generating and integrating data into the for-
mats. These ground rules are identical to those in the MC/DG Casting
Section 4.5.

4.7.3.4.1 General Ground Rules

The general ground rules are categorized under the following

major groupings:

(a) Casting designs

(b) Materials

(c) Casting and machining

(d) Facilities

(e) Data generation - recurring costs (including TI&E)

(f) Castings - TI&E recurring costs

(g) Data generation - nonrecurring:costs (including TI&E)

(h) Support function modifiers

(i) Test and evaluation of data.

(a) Casting Designs

(1) The casting designs selected will be representative of

parts commonly required for both small and large aircraft.

The parts will be selected such that a base part forms the

foundation which the designer can modify as required to

achieve the desired discrete part.

(2) The castings will be selected, where possible, to develop

data for more than one casting method. The data thereby
enables the designer, using the HC/DG, to determine the

most cost-competitive casting process in trade-studies.

(3) The selected castings will adequately display in CED or

CDE formats, the effect on cost of DICE (e.g., thin walls,

core complexity, corner radii, and structural classification).

4.7.3-16
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(b) Materials

(1) The alloys selected for the cast parts will be those
commonly used in the industry to enable a uniform data

base to be established. The materials included are:

* Aluminum

e Titanium

. Steel.

(c) Casting and Machining

(1) Only conventional casting processes, TI&E methods, and

machining methods required to produce finished parts in

the configurations selected will be considered. No

emerging manufacturing methods will be evaluated.

(2) A production, in contrast to a prototype environment,

L • will be assumed for the cast machined parts.

(3) To generate an effective data base for each selected part,

a factory operational sequence utilized by the casting

user will be established reflecting the most economical

L"'. means of fabrication of the final part. This standardized

sequence will be used by each team member to determine the

part cost.

(4) Requirements for tooling to machine and inspect the various

parts will be identified on the data collection forms.

(d) Facilities

(1) Only standard manufacturing and TUE facilities, available

to the airframe industry, will be considered.

(e) Data Generation - Recurring Costs

(1) Recurring cost data (standard man-hours) will be generated

for the complete fabrication process and will, therefore,

include all the hands-on direct factory labor operations

from receipt of the raw casting through storage of part in

readiness for assembly into the airframe, excluding bearings,

4.7.3-17



-i
FTR450261000U
3 Jan 1983

bushings, and threaded inserts. The data will also include

the raw casting TI&E data.

(2) Raw casting data presented in the MC/DG formats shall in-

clude total raw casting costs including TI&E with mechani-

cal property verification.

(3) Data will be generated separately for aluminum sand, alu-

minum investment, and steel investment castings. Data will

be based on box volume using team companies' historical

data.

(4) Raw casting part costs will be generated for each type of

casting.

(5) The DICE elements will be treated as separate cost elements

and, therefore, not included in the base-part cost, but will

be displayed in CED or CDE formats.

(6) Recurring tooling costs (tool maintenance, tool planning,

etc.) will not be included.

(7) The quantity for which the base part and the DICE costs

will be determined is at unit 200. A lot release size of

25 will be applied.

(8) The data submitted to BCL will be the raw casting part

cost (man-hours or dollars) plus the DICE incremental fac-

tors associated with the discrete casting design.

(9) In developing the cost data for parts, each participating

company may utilize its own proprietary improvement curves.

(10) The part casting and DICE costs will be normalized by BCL

to reflect an industry team average value.

(11) For proprietary reasons, business sensitive information

employed at team member contributing companies will not

be presented in the MC/DG.

(12) No data provided by any team member will be disclosed to

other team members, agencies, or to the public without

the expressed approval of the team member.

4.7.3-18
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(f) Castings - TI&E Recurring Costs

(1) The general ground rules for castings (paragraphs 2, 6,

7, 9, 11, and 12) also apply to the casting TI&E. The

following are added for casting TIUE.

(2) Recurring cost data will be generated for TI&E functions
required from the supplier to receiving stores, including

outside laboratories.

(3) TI&E cost data for the raw castings only will be included.

(4) Costs will be presented in 1980 dollars.

(5) CED and/or CDE formats will display the following TIUE

costs and data:

* Penetrant inspection

e Radiographic inspection
e Magnetic particle inspection

* Mechanical properties verification

e Chemistry verification

e Dimensional inspection.

(6) TI&E cost data will be normalized by BCL to reflect an

industry team average value.

(g) Data Generation - Nonrecurring Costs for Raw Castings and TI&E

(1) Tooling costs will be generated for each part type. TI&E

fixture costs will be the responsibility of the user com-

pany where applicable.

(2) The cost of production tooling will be restricted to con-

tract or project tools only for presentation in the MC/DC.

(3) First article TI&E cost will be generated and displayed as

part of the nonrecurring tooling cost.

(4) Nonrecurring tooling costs (NRTC) generated by the team

coumanies will be normalized by BCL for presentation in

the MC/DG.

4.7.3-19
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(h) Support Function Modifiers

(1) Additional effort other than factory labor and TI&E,

i.e., planning and tool maintenance, will be excluded

from the part cost data supplied to BCL. Other modi-

fiers may be included later by the MC/DG users at air-

frame companies.

(1) Test and Evaluation of Data

(1) Test and confirmation of the formats and integrated data

will be accomplished by one team member. Each of the re-

maining team members will be provided with the evaluation.

Any anomalies will be resolved and modifications incor-

porated as appropriate.

4.7.3.4.2 Detailed Ground Rules

The detailed ground rules are categorized under the following

major groups:'

(a) Casting designs

(b) Materials

(c) Classification

(d) Data generation - recurring costs

(e) TIUE functions.

(a) Casting Designs

(1) Each team member will review applicable casting desi&ns

and tabulate required data on the data collection sheets

developed by the team.

(2) Selected typical designs will be utilized for determina-

tion of user-associated costs (e.g., machining and

finishing).

(3) The castings analyzed by each team member will be classi-

fied by complexity type. This classification will be des-

ignated on the data collection form submitted to BCL.
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Each team IImber company will submit to BCL a definition

or a drawing or sketch illustrating their proposed under-
standing of these classifications.

(b) Materials

(1) The materials and processes selected for castings are:

* Aluminum

- A356 per MIL-A-21180 or company equivalent

specification (sand or investment)

- 356 or A356 per QQ-A-601 (sand castings)

- 357 per MIL-A-21180 (sand castings)

a Steel

- 17-4PH CRES per AMS-5342, 5343, and 5344 or
* company equivalent specification

- Titsanium

- Ti-6A1-4V Cond A (vacuum cast, investment or

rammed graphite).

(c) Classification

(1) The basic use classification (Class I or II) *hall be

reported for each casting.

(2) The casting quality shall comply with MIL-C-6021 or equiva-

lent user company specification for X-ray grade.

(3) The radiographic standard grade (A, B, C, or D) basis for

each casting shall be reported. Special testing (e.g.o

static tests) used to complement inspection shall be

identified.

(d) Data Generation - Recurring Costs

(1) Data indicated on the data collection sheet will be gath-

ered, as available, for the raw casting. TI&E costs asso-

ciated with the raw casting will be established separately.

4.7.3-21
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(2) Machining (including cleaning and protective coatings) will
be reported separately for typical parts utilizing standards

and learning (imptovement) curves, if applicable. TI&E

costs for the user operations will not be included an a

part of this task.

(3) Machining cost data will be developed for the following basic

machining parameters:

(a) Counter-bore and face-hub

(b) Drilled holes, drilled and reamed holes, drilled

and spot-faced holes

(c) Circular-flange facing (lathe), flat-faced (mill)

(d) Straddle-mill and drill-clevis fittings.

(4) Available cost data for titanium castings obtained from

suppliers by BCL will be analyzed and formatted.

(e) TI&E Functions

(1) The following are typical TI&E operations that will be

evaluated:

e Chemistry

e Mechanical properties

- Separately cast test bars

- Coupons from castings (prolongation)

- Dissected castings

9 Dimensional

e Radiographic

e Penetrant/magnetic

* Surface finish

0 Iressu7e test

* Static test (proof of design).

4.7.3-22
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4.7.4 TI&E for Forgings

This section contains format selection aids and data to determine the
TI&E manufacturing man-hours, examples of how the data are utilized in air-
frame design and a set of formats generated. These formats are cost-esti-
mating data (CED).

4.7.4.1 Format Selection Aid

A format selection aid (Figure 4.7.4-1) provides the user with a
building-block approach to determine manufacturing cost data for alterna-
tive designs or processes. The designer can review the format selection
trees and identify those areas that have an impact on his design.

I47-
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FORMAT SELECTION AID
TEST, INSPECTION & EVALUATION

FORGINGS

COST-ESTIMATING
DATA

TI&E

FIRST ARTICLE
INSPECTION

CED-TI&E-F-1

ULTRASONIC
INSPECTION

ALL MATERIALS

CED-TI&E-F-2

-
I ICI"': ULTRASONIC

INSPECTION

ALUMINUM PRECISION

CED-TI&E-FP-1

FIGURE 4.7.4-1

4.7,4-2
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4.7.4.2 Example of Utilization

These examples demonstrate how the data generated are utilized on a
specific design problems. The example shows how to identify applicable
formats, how to extract data from the formats, and provides a discussion
on how the data are used to determine the part cost in man-hours or dol-
lars. The MC/DG cost worksheet (Table 3-3) can be used to record the cost
data for easy reference and to determine the total program cost. The
forging cost worksheet included as Table 4.7.4-1 has been utilized for
this example.

4.7.4.2.1 Utilization Example for Titanium Hand Forging

Problem Statement

Determine the cost, in 1982 dollars per part, for the titanium 6AI-4V
hand forging shown in the sketch below. The dimensions are as shown in the
"sketch, and the buy quantity is ten pieces. The cost of test, inspection
and evaluation (TI&E) is to be included.

FIGURE 4.7.4-~2. PART ANALYZED

Procedure

The following procedIure is used to determine the forging cost.

1. Utilize the Format Selection Aid for Forgirk.gs Cost-Estimating

Data (Figure 4.7.4-1).

4.7.4-3
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2. Determine the format to use. In this case, Format CED-FH-l
(Figure 4.7.4-3) is required.

3. Study the format to determine the parameters and conditions

necessary for its use and relate these to the part. For
CED-FH-1, the material and forging type are required.

4. From CED-FH-1, choose the appropriate cost equation and read
the specific weight and cost per pound from the chart on the
format.

e The equation for hand forgings is to be used.
* The specific weight is 0.16 lb/in. 3 , and the cost per

pound is $30.

* Substituting these values and the part dimensions into
the equation yields:

W x H x L x Specific Weight x Cost x Inflation
Factor = Cost/Part

8 in. x 6 in. x 16 in. x 0o16 lb/in. 3 x $30/lb x 1
$3690/part.

5. Utilize the Format Selection Aid for Test, Inspection, and

Evaluation (TI&E) of Forgings (Fig. 4.7.4-1).

6. Determine the format to use. In this case, Format CED-TI&E-
F-l (Figure 4.7.4-4) is required.

7. Study the format to determine necessary parameters and condi-
tions. For CED-TI&E-F-I, foiging type and inspection type
are required.

8. From CED-TI&E-F-l, read the TI&E cost.

M TI&E cost per lot is $300.

* Divide the cost per lot by the order quantity (10)
and multiply by the inflation factor (in this case 1)
to determine cost per part: ($300/10) x 1 = $30 per
part.

9. Add TI&E cost to forging cost to obtain total cost per part:
$3690 + $30 $3720 per part.

4.7.4-4
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TO DETERMINE FORGING COST:

HAND FORGING
W x H x L x SPECIFIC WEIGHT x COST x INFLATION FACTOR

RING FORGING

0.785 (OD 2 - ID2 ) THICKNESS x SPECIFIC WEIGHT x COST x INFLATION ACTOR

NOTE: ALL DIMENSIONS IN INCHES. INFLATION FACTOR TO BE SUPPLIED BY
USER COMPANIES.

SPECIFIC COST,
WEIGHT 1982

POUNDS PER DOLLARS PER
MATERIAL CUBIC INCH POUND

ALUMINUM

7075-F
-TB 0.10 $3
-T652
-T7352

TITANIUM

LOW ALLOY STEEL
0.28 $3

4340

PH CRES
0.28 $7

15- 5PH

FIGURE 4.7.4-3. FORMAT USED IN EXAMPLE"'"" CED-FH-1

4.7.4-5
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TABLE 4.7.4-1

FORGING COST WORKSHEET

TITLM HAAAIO JV*OCGoVt DESIGN QUlANTITY: 50 LOT QUANTITY: /0 OUSIGNIM: w,7VV DAMt
"YPe MATINIA4. HANO/NING01 1LOCKEINC0NV. 00MW. IP11ECISION PROECISION41 711'r. N141P. AIEVALUATION'

he, - Tl6M4v= L..&00-.. kMsoCW A - 111-.. 11-1a. Pled AUeis Cool
Ssease.....1.0. 'sb w....a...I- M aIDl 0..... co.....kwp Coo po"e Pqi * S-all.

COM - AirL... Tt coo Plan Aties S....E Pr~dIMOwC~eoWLS
PMS We olof E2h 40 -ic POO"ji 00 Femme -u s $~. lAS*

DANPMWR Mab egi I es
PH -m ft L. C40 So I- IlMem. - Imsefmw P Igas"

lbSW 01 FMi. Pmeise- -olopos =1__________

RECIJIRING COST
NafWRfIng Forging

Cewpurt v vdie" a lam Cad a Imbaeft Pogste

1 .7Y LNIe /L x~9

CWisher1111ll Peegng

sus x~u~

NONRECURRING COS

Wswer / Conwaienul Purgiftg

* * Peas Peele

Ted Cown asso tom CANi aao,

MMM prod""____ Dow -0-w

Poespo. Cowda Cow pad a asseig *t.. _ ldL~sPe ~E SdeS
3eig 3 4 9 Toom TIM aml C OU LM L A Gig.
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4.7.4.2.2 Utilization Example for Aluminum
Rolled Ring Forging

Problem Statement

Determine the cost, in 1982 dollars per part, for the 7075-T73 aluminum
rolled-ring forging shown in the sketch below. The cost of test, inspec-
tion, and evaluation (TI&E) is to be included in the cost of the forging.
The dimensions are as shown in the sketch, and the order quantity is eight
pieces.

FIGURE 4.7.4-5. PART ANALYZED

Procedure

The following procedure is used to determine the forging cost.

1. Utilize the Format Selection Aid for Forgings Cost-Estimating
Data (Figure 4.7.4-1).

2. Determine the format to use. In this case, Format CED-FH-l
(Figure 4.7.4-6) is required.

3. Study the format to determine the necessary parameters and
conditions. For CED-FH-l, the material and forging type ere
required.

4. From CED-FH-l, choose the appropriate cost equation and read
the specific weight and cost per pound from the chart on the
format.

. The equation for rolled-ring forgings is to be used.

4.7.4-8
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* The specific weight is 0.10 lb/in. 3 , and the cost per
pound is $3.

9 Substituting these values and the part dimensions into
the equation yields:

0.785 (OD-ID) x Thickness x Specific Weight x Cost
x Inflation Factor - Cost/Part

0.785 (48 in. = 40 in.) x 4 in. x 0.1 lb/in. 3 x $3/lb
x 1 - 3663/part.

5. Utilize the Format Selection Aid for Test, Inspection, and

Evaluation (TI&E) of Forgings (Figure 4.7.4-1).
6. Determine the format to use. In this case, Format CED-TI&E-

F-I (Figure 4.7.4-7) is required.
7. Study the format to determine necessary parameters and condi-

tions. For CED-TI&E-F-1, forging type and inspection type
are required.

8. From CED-TI&E-F-I, read the TI&E cost.

M TI&E cost per lot is $300.

e Divide cost per lot by ordeeEr-auantdy--(8) and multiply
by the inflatio icýaor (in this case, 1) to determine
cost per part: ($300/8) x 1 - $38 per part.

9. Add TI&E cost to forging cost to obtain total cost per part:• $663 + 38 =$701 per part.

p

4.7.4-9
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BASE PART COST

TO DETERMINE FORGING COST:

HAND FORGING

W x H x L x SPECIFIC WEIGHT x COST x INFLATION FACTOR

*4 RING FORGING
0.785 (oD 2 - ID2 ) THICKNESS x SPECIFIC WEIGHT x COST x INFLATION FACTOR

NOTE: ALL DIMENSIONS IN INCHES. INFLATION FACTOR TO BE SUPPLIED BY
USER COMPANIES.

SPECIFIC COST,
WEIGHT 1982

POUNDS PER DOLLARS PER
MATERIAL CUBIC INCH POUND

ALUMINUM

705F
-T6
-T652

r-T7352

TITANIUM

0.16 $30Ti6AI-4V

LOW ALLOY STEEL
0.28 $3

4340

PH CRES 
$0.28 $7

15- 5PH

FIGURE 4.7.4-6. FORMAT USED IN EXAMPLE

4.7.4-10
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4.7.4.3 Parts Analyzed

The forgings analyzed to determine the TI&E data are reviewed in

Section 4.6 "Forgings".

4.7.4.4 TI&E Data for Forgings

The TM&E data for forgings are presented to the designer on the
following pages. The formats provide cost-estimating data (CED).

4.7.4-12
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4.6.4.5 Ground Rules for TI&E - Forging Section

The following General and Detailed Ground Rules for the Forging Section
were developed to establish the scope of the data required and to establish
guidance to MC/DG application. Ground rules are necessary and important as
they promote understanding, ensure consistency, uniformity, and accuracy in
generating and integrating data into the formats.

4.7.4.5.1 General Ground Rules

The General Ground Rules are categorized under the following major
groups:

(a) Forging Types

(b) Materials

(c) Forging and Applicable Machining (Limited)

(d) Machining

(e) Facilities

(f) Date Generation - Recurring Costs (including Forging TI&E)
(g) Forging TI&E Recurring Costs

(h) Data Generation- Nonrecurring Costs (including Forging TI&E)

(i) Support Function Modifiers

(j) Test and Evaluation of Data.

(a) Forging Types

(1) The forging types selected will be representative of

parts comnonly required for both small and large air-!
craft. The parts will be selected such that a base part

forms the foundation from which the desired discrete

part can be fabricated.

(2) The forgings will be selected, where possible, to develop

data for more than one forging method. The data thereby

enable the designer, using the MC/DG, to perform a trade-

off study to evolve the most cost-effective discrete part.

(3) The selected forgings will adequately display, by CED and

CDE formats, the effect on cost of DICE.

4.7.4-16
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(b) Materials

(1) The materials selected for the forged parts will be those
commonly used in the industry to enable a uniform data

base to be established. The materials included are:

* Aluminum

. Titanium

. Steel.

(c) Forgings and Machining

(1) Only conventional forging processes and TI&E methods will

be considered. No emerging manufacturing methods will

be evaluated.

(2) A production, in contrast to a prototype environment,

will be assumed for the forged parts.
(3) To generate an effective data base for each selected

part, a factory operational sequence utilized by the

user will be established reflecting the most economical

means of fabrication of the final part. This standard-

,I. ized sequence will be used by each team member to deter-

mine the part cost.

(d) Machining

(1) Limited machining data, as reflected in the MC/DG section

on machining of castings, will be utilized for the forging

section.

(e) Facilities

(1) Only standard manufacturing and TI&E facilities, will be

considered.

(f) Data Generation - Recurring Costs

(1) Recurring cost data will be generated for the raw forging

types being considered, and will include TI&E and mechanical
property verification.

4.7.4-17
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(2) Data will be generated separately for aluminum blocker,
conventional, and precision forgings and titanium and

steel blocker, and conventional forgings. Data to be

based on plan area using historical data of the team air-
frame companies. Hand and ring forging cost methods will

be developed.

(3) The DICE elements will be treated as separate cost
elements, and therefore, not included in the base part

cost, but will be displayed using CED and CDE formats.

(4) In-house recurring tooling costs (tool maintenance, tool

planning, etc.) will not be included.

(5) The quantity for which the base part and the DICE costs

will ba determined is at unit 200. A lot release size of

25 will be applied.

(6) The data submitted to BCL will be the raw forging part

cost (dollars) plus the DICE incremental factors associated

with the discrete forging design.

(7) In developing the cost data for parts, each participating

company may utilize its own proprietary improvement curves.
(8) The base part and DICE costs will be normalized by BCL to

reflect an industry average value.

(9) For proprietary reasons, business sensitive information

employed at team member contributing companies to determine

the data, will not be presented in the MC/DG.
(10) No data provided by any team member will be disclosed to

other team members, agencies, or to the public without

the expressed approval of the team member.

(g) Forging - TI&E Recurring Costs

(1) The applicable ground rules for data generation for forgings

will be applied to the TI&E recurring cost.

(2) Recurring cost data will be generated for TME functions

required from the supplier to receiving stores, including

outside laboratories.

(3) TI&E cost data for the raw forging only will be included.

"4.7.4-18
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(4) Costs will be presented in 1982 dollars.

(5) CED and/or CDE formats will display the following TI&E

costs and data, when applicable, to provide meaningful

cost data to the designer:

* Penetrant Inspection

9 Ultrasonic Inspection

* Magnetic Particle Inspection

9 Mechanical Properties Verification

. Chemistry Verification

* Dimensional Inspection.

(6) TI&E cost data will be normalized by BCL to reflect an

industry team average value.

(h) Data Generation - Nonrecurring Costs for Raw Forgings and TI&E

.(i) Tooling costs will be generated for each part type.

"TI&E fixture costs will be the responsibility of the

user company where applicable.

(2) The cost of production tooling will be restricted to

contract or project tools only for presentation in the
MC/DG.

(3) First article TI&E cost will be generated and displayed

as part of the nonrecurring tooling cost.

(4) Nonrecurring tooling costs (NRTC) generated by the team
companies will be normalized by BCL for presentation in

the MC/DG.

(i) Support Function Modifiers

(1) Additional effort other than factory labor and TI&E,

i.e., planning and tool maintenance, will be excluded

from the part cost data supplied to BCL. Other modifiers

may be included later by the MC/DG users at airframe

__ companies.

4.7.4-19
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(j) Test and Evaluation of Data

(1) Test and confirmation of the formats and integrated data

will be accomplished by one of the MC/DG team members.

Each of the remaining team members rill be provided with

the evaluation. Any anomalies will be resolved and modi-

fications incorporated as appropriate.

4.7.4.5.2 Detailed Ground Rules

The detailed ground rules are categorized under the following

major groups:

(a) Forging Types

(b) Materials

(c) Data Generation - Recurring Costs

(d) Data Generation - Nonrecurring Costs

(e) TUE Functions.

(a) Forging Types

(1) Each team member will review applicable forging designs

and tabulate required data on the data collection sheets

developed by the team.

(2) Selected typical designs will be utilized for determination

of user-associated costs (e.g., machining).

(3) The forgings analyzed by each team member will be classified

by material and type. This classification will be designated

on the data collection form submitted to BCL. Each team

member company will submit drawings or sketches to BCL

illustrating their understanding of these forging types.

(b) Materials

(1) The materials and processes selected for the following forging

types are:

. Aluminum

7075 or equivalent hand, ring, blocker, conven-

tional die, and preci3ion forgings.

4.7.4-20
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* Titanium

- Ti-6AI-4V annealed hand, ring, blocker, and

conventional forging.

* Steel

- 4340 or equivalent hand, ring, blocker and

conventional forging.

(c) Data Generation -Recurring Costs

(1) Data indicated on the data collection sheet will be

gathered, as available, for the raw forging. TI&E

costs associated with the raw forging will be established

separately.

(2) Machining cost data previously developed for castings for

the basic machining parameters listed below, will be

reviewed for applicability to forgings. TI&E costs for

the user operations will not be included as a part of

this task.

(a) Counter-bore and face-hub

(b) Drilled holes, drilled and reamed holes, drilled

and spot-faced holes

(c) Circular-flange facing (lathe), flat-faced (mill)

(d) Stradle-mill and drill-clevis fittings.

(d) Data generation - Nonrecurring Costs for Raw Forgings and TI&E

(1) Tooling costs will be generated for each part type. TI&E

fixture costs will be the responsibility of the user company

where applicable.

(e) TI&E Functions

(1) The following are typical TI&E operations that will be

evaluated for cost impact:

o Chemistry

4.7.4-21
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- Mechanical Properties

- Separate test bars
-Coupons from forgings (prolongation)

-Dissected forgings
* Dimensional

* Ultrasonic

* Penetrant/Magnetic.

4.7.4-22
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4.7.5 TM&E for Machining

4.7.5;1 Format Selection Aids

Format selection aids are presented to provide the user with a build-
ing-block approach to determine TME cost data for alternative designs or
processes. The designer can review the format selection trees and identify
those areas that have an impact on his design. The formats provide cost-
driver affect@ (CDE) for qualitative guidance to the lowest cost and cost-
estimating data (CED) in man-hours for conducting trade-studies.

4.7.5-1
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4.7.5.2 Example of Utilization

4.7.5.2.1 Utilization Example for Aluminum Frame

Problem Statement

Determine the test, inspeption, and evaluation (TI&E) cost (man-
hours) of an aluminum (2024) frame with dimensions as shown in Figure
4.7.5-2.

Procedure

The procedure to determine the TI&E cost of the aluminum frame is

presented below:

(1) Utilize Format Selection Aid for Machined Parts (TI&E).

(2) Determine format to use. In this case, Format CED-TI&E-
MP-A-3 (Figure 4.7.5-3) is required.

(3) Study format to determine parameters and conditions
necessary for use of the format. For CED-TI&E-MP-A-3
(Figure 4.7.5-3), the volume (in. 3 ) is required. The
dimensions of the part are 27" x 11" x 3" - 891 in. 3 .

(4) From CED-TI&E-MP-A-3, read values for the recurring cost
and nonrecurring tooling cost (NRTC):

o Recurring cost at unit 200 - 0.72 man-hours per part

* NRTC - 6.2 man-hours for 200 parts, or 6.2/200 - 0.03
man-hours per part

* Learning curve factor to convert unit cost at 200 to
cumulative average cost for a 90% curve and a quantity
of 200 is 1.17, from Table 4.7.5-1.

The base part TI&E cost is thus: 1.17 (0.72) + 0.03 -
0.87 man-hours per part.

(5) Check for applicable Designer-Influenced Cost Elements
(DICE). The drawing shows that the part has the follow-
ing type and number of DICE:

DICE

Pockets

Holes

Joggles
Steps

Open/Closed Flange

Format DICE-TI&E-MP-I (Figure 4.7.5-4) shows the following
values for the DICE costs:

4.7.5-3
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e 7 pockets - 0.285
* 4 holes - 0.170
e 1 joggle - 0.024
e 6 steps - 0.135

* 1 Open/closed flange - 0.020.
Adding the DICE costs to the base part recurring cost
and nonrecurring tooling costs provides the discrete
part TI&E cost.
1.17 (0.72 + 0.285 + 0.170 + 0.024 + 0.135 + 0.020) + 0.03-
1.614 man-hours per part.

4.7.5-4
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FIGURE 4.7.5-2. ALUMINUM FRAME ANALYZED
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TEST, INSPECTION AND EVALUATION (TI&E)
MACHINED PARTS

COST OF TI&E DICE ELEMENTS

MATERIALS: ALUMINUM, STEEL, TITANIUM

0.8 6-
STABS

0.7----

'0F6

HOLES
S.5POCKETS

c0 CUTOUTS

:50.4

0.3 -MACHIN.D JOGGLES

STEPS AND OPEN/CLOSED
,1 , ,FLANGE ANGLES

VARYING RADII

0.1

0 2 4 6 6 1(0 12 14 16 i s 20

NUMBER OF DICE ELEMENTS

FIGURE 4.7.5-4. FORMAT USED IN EXAMPLE

.DICE-TI&E-MP-i
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TABLE 4.7.5-1

FACTORS TO CONVERT THE MC/DG 200TH UNIT
COST TO THE CUMULATIVE AVERAGE COST

FOR THE DESIGN QUANTITY AND
LEARNING CURVE INVOLVED

DESIGN LEARNING CURVE-%
QUANTITY 95 90 85 80 75 70 65

1 1.48 2.25 3.48 5.50 9.00 15.00 27.00

10 1.33 1.79 2.47 3.48 5.04 7.53 11.67

25 1.25 1.59 2.05 2.71 3.68 5.13 7.43

50 1.19 1.44 1.79 2.22 2.85 3.76 5.14

100 1.13 1.30 1.52 1.80 2.18 2.73 3.51

200 1.08 1.17 1.30 1.45 1.66 1.95 2.36

350 1.04 1.08 1.14 1.22 1.33 1.48 1.70

S00 1.01 1.02 1.05 1.09 1.15 1.24 1.38

750 0.98 0.96 0.96 0.96 0.97 1.01 1.09

... I

" 1000 0.96 0.92 0.89 0.87 0.87 0.88 0.1

4.7.5-8
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4.7.5.3 Airframe Parts Analyzed

The airframe parts studied to determine the TI&E costs for machin-
ing are shown in Figures 4.7.5-5 to 4.7.5-9. The parts are representa-
tive of brackets, longerons, spar caps, bulkhead, and frame.
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BEARING BRACKET
(BASE PART)

MC/DG-M*-I

* = A (ALUMINUM)

S (STEEL)

S.," A

/B

'....

'.4D

BASE PART CHARACTERISTICS

* CONSTANT WEB & FLANGE THICKNESS

o ALL SURFACE PLANES ARE
PERPENDICULAR TO EACH OTHER

FIGURE 4.7.5-5

K" 4.7.5-10
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T (TITANIUM)

0
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01
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0

0 BASE PART CHARACTERISTICS
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FIGURE 4.7.5-9 C
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V 4.7.5.4 TI&- Dn'ta for Machined Parts

The TME data for machining on the following pages are presented to
the designer using cost-estimating data (CED), cost-driver effect (CDE)
and designer-influenced cost elements (DICE) formats.

1.%
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TEST, INSPECTION AND EVALUATION (TI&E)
MACHINED PARTS

COST DRIVER EFFECT

EFFECT OF MATERIAL ON TI&E COSTS

2.0

1.5

10 07" 1 '

SNONRECURRING TOOLING

RECURRING COST CDE-TI&E-MP-I_ :!
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TEST, INSPECTION AND EVALUATION (TI&E)
MACHINED PARTS

COST DRIVER EFFECT

EFFECT OF DICE
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TEST, INSPECTION AND EVALUATION (TI&E)
MACHINED PARTS

COST OF TI&E DICE ELEMENTS

MATERIALS: ALUMINUM, STEEL, TITANIUM

0.8
TABS

0.7 /

0.6- _ - __

0.6 / HOLES
,, 0.5 /•POCKETS

CUTOUTS

. 0.4---

";: 0.3 MACHINED JOGGLES

o/ r ::osTPS'AND OOEN/CLOSEO
0.2 " oI

VARYING RADII
"0.1

0 -
0 2 4 6 8 10 12 14 16 18 20

NUMBER OF DICE ELEMENTS

'• DICE-TI&E-MP-1
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TEST, INSPECTION AND EVALUATION (TI&E)
MACHINED LINEAL PARTS

BASE PART RECURRING TI&E COST

1.8 I 1 I IMPLE tECTIONS I

COMPLEX SECTIONS (CHANNEL, ANGLE) TITANIUM
(CRUCIFORM, TEE) STEEL'

, TITANIUM ,/S- IALUMINUM
1.4

r ALUMINUM

1.2-

cc
D 1.0 -

0

z0.8

0.6

0.4

-- " 0
0 20 40 60 80 100 120 140 160 180 200

LENGTH, INCHES

1 CED-TI&E-MP-M-1I
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TEST, INSPECTION AND EVALUATION (TI&E)
MACHINED LINEAL PARTS

SIMPLE SECTIONS

(CHANNEL, ANGLE)
BASE PART RECURRING TI&E COST

2.5

2.0 -.-

/..TITANIUM
6ýN ..ooSTEEL

0z ,
1.0 -

0.5

0.0
0 20 40 60 80 100 120 140 160 180 200

LENGTH, INCHES

4.. I CED-TI&E-MP-M-2
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"TEST, INSPECTION AND EVALUATION (TI&E)
MACHINED LINEAL PARTS

COMPLEX SECTIONS

iI (CRUCIFORMS, TEES)

DASE PART RECURRING TI&E COST

2.5

2.0 .. .

/TITANIUM

., .
1.5 -i - _ _ _ _ _U

1.0

0.5

0.01,
0 10 20 30 40 50 60 70 80 90 100

LENGTH, INCHES
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TEST, INSPECTION AND EVALUATION (TI&E)
MACHINED AREA PARTS

-• (FRAMES, BULKHEADS, ETC.)

BASE PART RECURRING TI&E COST

3.2

*AREA H" x W"
2.8 0

2.4 PART H'---

2.0-
•. • '9•" W" "'

"'•~ • • .A' L.. M.,INUM

L 1.2

1.0

0.8

0.4 -

0 1000 2000 3000 4000
p.

*AREA ,SQUARE INCHES

I. I CED-TI&E-MP-M-4
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TEST, INSPECTION AND EVALUATION (TI&E)
MACHINED FRAMES

BASE PART RECURRING TI&E COST

1.4
SI~v"FRAME

1.2 T R
1 L- L*LENTH=LI+L2

1.0 1.0 ..- TITANIUM

0.6

0.4

0.2

0
0 10 20 30 40 50 60 70 80

'LENGTH, INCHES

4i

I IICED-TI&E-MP-M-5 -
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4.7.5.5 Ground Rules for Test, Inspection & Evaluation
(TI&E) of Machining Section

The following General and Detailed Ground Rules for the Section on
Test, Inspection & Evaluation (TI&E) of Machining were developed to estab-
lish the scope of the data required and to establish guidance to MC/DG
application. Ground rules are necessary and important as they promote
understanding, ensure consistency, uniformity, and accuracy in generating

and integrating data into the formats.

4.7.5.5.1 General Ground Rules

The general ground rules are categorized under the following

major groupings:

(a) Machined Discrete Parts

(b) Materials

(c) TI&E Methods

(d) Facilities and Equipment

(e) Data Generation - TI&E Recurring Costs

M (f) Data Generation - TI&E Nonrecurring Costs

(g) Support Function Modifiers
(h) Test and Evaluation of Data.

(a) Machined Discrete Parts

(1) The machined discrete parts such as bulkheads, frames,

spar caps, longerons, and small machined parts were

selected as being representative of structural parts
common to both small and large aircraft.

(2) The discrete parts were selected, where possible, to

develop data for more than one TI&E method (coordinate

3-axis measuring machine versus manual) so as to display

cost-driver effects.

(3) The selected discrete parts will be defined and dimen-

sioned in such a manner that it will enable the TI&E

effort to adequately display the effect on part cost of

DICE, e.g., nondestructive testing (NDT), and tolerances.

4.7.5-37
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(b) Materials

(1) The alloys selected for the discrete parts are represen-

tative of those most commonly used in the airframe indus-

try, thereby establishing a uniform data base. The mate-

rials selected are:

* Aluminum - 2024 Plate

* Titanium - 6AI-4V Plate

e Steel - PHl5-7Mo Plate.

(c) TI&E Methods

(1) Only conventional methods required to test, inspect, and

evaluate the machined parts in the configurations selected

will be considered.

(2) A production, in contrast to a prototype, environment will

be assumed for the TI&E of machined discrete parts.

S(3) To generate an effective TI&E data base for each selected
part, a quality assurance operational sequence for each

applicable machining method will be established. This

standardized sequence will be used by each team member to

determine the TI&E costs.

(d) Facilities and Equipment

(1) Only standard quality assurance facilities and equipment

available to the airframe industry will be covered.

(e) Data Generation - TI&E Recurring Costs

(1) Recurring man-hour data will be generated for the TI&E

7 in part fabrication and will, therefore, include all the

operations through final inspection.

(2) The base part TI&E man-hours will be generated for each

part.

(3) The DICE elements will be treated as separate cost ele-

ments and, therefore, not included in the TI&E base cost.

4.7.5-38
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(4) The quantity for which base part and the DICE TI&E

cost will be determined is at unit 200. A lot sike

of 25 will be applied.

(5) Cost data will be presented in man-hours.

(6) R ing tooling TI&E costs (tool maintenance, tool

calibration, periodic tooling inspection, etc.) will

not be included.

(7) The TI&E deta submitted to BCL will be the base-part

TI&E costs (standard man-hours) plus the TI&E costs

(standard man-hours) of DICE associated with the dis-

crete part design.

(8) In developing the cost data for parts, each participat-

ing company may utilize its own proprietary improvement

curves.

(9) The TI&E costs (standard man-hours) as derived by each

contributing team member company will be normalized

pqy by BCL to reflect an industry team average.

(10) For proprietary reasona3, business sensitive information

employed at team member contributing companies will not

be presented in the MC/DG.

(11) No data provided by any team member will be discJlosed to

other team members, agencies, or to the public without

the expressed approval of the team member.

(f) Data Generation - TI&E Nonrecurring Costs

(1) Tooling TI&E costs are to be developed for each part

and assembly, e.g., inspection check fixtures, templates,

etc.

(2) The TI&E cost of production tooling, if included, will

be restricted to contract or project tools only for

presentation in the MC/DG.

(3) Nonrecurring tooling cost (NRTC) generated by team com-

panics will be ncrmalized by BCL to reflect an industry

"4 "team average.
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(g) Support Function Modifiers

(1) Additional effort other than direct factory labor and

TI&E will be excluded from the part cost data supplied

to BCL. Other modifiers may be included later by the

MC/DG user at airframe companies.

(h) Test and Evaluation of Data

(1) Test and confirmation of the formats and integrated

data will be accomplished by one team member. Each of

the remaining two team members will be provided with

the evaluation. Any anomalies will be resolved and

modifications incorporated as appropriate.

4.7.5.5.2 Detailed Ground Rules

The detailed ground rules for TI&E are categorized under the #4

following major groupings:

(a) Materials

(b) Tolerances

(c) Discrete parts

(d) Quality control methods

(e) Inspection operations

(f) TI&E contract tooling.

(a) Materials

(1) The materials selected for the machined discrete parts are:

9 Aluminum - 2024 plate

9 Titanium - 6A1-4V plate

. Steel - PH15-7Mo plate.

(b) Tolerances

(1) Parts will be assumed to be manufactured to a linear tl1-

erance of between 1 0.030" and + 0.005" and an angular

tolerance of 0* 30'.
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(2) Surface texture is assumed to be RHR 125.

(3) The cost im.pact of tighter or relaxed tolerances will

, be addressed as a DICE element.

(c) Discrete Parts

(1) Drawings of the machined discrete parts showing configura-

tions, dimensions, holes, trim, etc., will be established
so that each team member may estimate TI&E standard hours

in a consistent manner.

(2) The drawings will be depicted and dimensioned in such a

manner to enable the TI&E to show cost drivers and DICE

effects.

(d) Quaity Control

(1) Quality control methods and types of equipment used for

the TI&E of the respective pares will be specified by an
operational sequence for the T'&E as well as matrices

applicable to each drawing and on a data collection sheet.
(2) Where more than one TI&E method exists to irspect a dis-

crete part, data will be generated for each method to

d.splay the comparative cost relationships.

(e) Inspection Operations

(1) The following will be typical TI&E operations that should

be considered and evaluated:

* Material inspection at time of release to shop
* In-process inspection

e Nondestructive test and inspection (NDTI)

- Magnetic particle

- Hardness test

- Penetrant

"4,7.5-41
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- Ultrasonic test

- Electrical conductivity

* Surface finish and dimensional verification.

(f) TI&E Contract Tooling

(1) Each team member company will indicate, on the data collec-

tion sheets. the tooling required to inspect each discrete

part.

4.7.5-42
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4.7.6 TI&E for Composites

4.7.6.1 Format Selection Aid

Format selection aids are presented to provide the user with a build-
ing block approach to determine manufacturing cost data for alternative
designs or processes. The designer can review the format selection trees
and identify those areas that have an impact on his design. The formats
provide cost-driver effects (CDE) for qualitative guidance to the lowest
cost and cost-estimating data (CED) in man-hours for conducting trade-
studies.

4.7.6-1
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"4.7.6.2 Composite Parts Analyzed

Composite lineal shapes, panels and a sine-wave shear--web typical
of a rib or spar, were analyzed to provide man-hour data to the designer
to test, inspect and evaluate. These structural elements are shown in
Figures 4.7.8-2 to 4.7.8-4.

4.7.6-3
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4.7.6.3 TI&E Data for Composites

The man-hours required to conduct TI&E on the composite structural
elements shown in Figures 4.7.6-2 to 4.7.6-4 are presented using the
formats on the following pages.

4.7. 6-7
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TEST, INSPECTION AND EVALUATION (TI&E)
ADVANCED COMPOSITES

EFFECT OF SHAPE ON RECURRING AND
NONRECURRING TI&E COST

5

4

0

F-'

0 Hat "J" "1" Sine Wave

Section Section Section Spar

Recurring

m Nonrecurring

CDE-TI&E-G/E-I
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TEST, INSPECTION AND EVALUATION (TI&E)
ADVANCED COMPOSITES

EFFECT OF SHAPE ON RECURRING AND
NONRECURRING TI&E COST

2 FOOT SECTION

5

4

00 SII

0'
Hat " I' Sine Wave

Section Section Section Spar

W Recurring

V/ Nonrecurring

ICDE-TI&E-G/E-III
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TEST, INSPECTION AND EVALUATION (TI&E)
ADVANCED COMPOSITES

EFFECT OF SHAPE ON RECURRING AND
NONRECURRING TI&E COST

8 FOOT SECTION

5

4

0

P0IE

j Hat Sine Wave
Section Section Section Spar

W JRecurring

* ~ ~ Nonrecurring __

N uCDE-TI&E-G/E-IIIj
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ADVANCED COMPOSITES
EFFECT OF SHAPE ON RECURRING AND

NONRECURRING TI&E COST
12 FOOT SECTION

S+ 5

4

Z 3

Z

2,2

Hat "1" Sine Wave

Section Section Section Spar

SRecurring

il Nonrecurring

[EDE-TI&E-G/E-IV

4.7.6-11



FTR450261000U
3 Jan 1983

TEST, INSPECTION AND EVALUATION (TI&E)
ADVANCED COMPOSITES

EFFECT OF MAXIMUM ALLOWABLE
DEFECT SIZE ON TI&E COST

F: 4

;N ~3'

.•/1/8" 1/2"

Defect Size

ICDE-TIE-G/..
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TEST, INSPECTION AND EVALUATION (TI&E)

COMPOSITE HAT SECTION
RECURRING COST/PART

Hat

7 -

"p'4

p
2

0 2 4 6 8 1C 12 14
Part Length, rest

-. Applies to laminates up to 32 plies.

CEjTIE-G/E-1
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TEST, INSPECTION AND EVALUATION (TI&E)
COMPOSITE HAT SECTION

NONRECURRING COST/PART

Hat

400

p..m

300

200

El ~ ~100----0

0
0 2 4 6 8 10 12 14

Part Length, Feet

* Includes tooling, first article acceptance,
ultrasonic reference standard (URS), and
tool proof.

J~l C -TI& E -G/E-2
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TEST, INSPECTION AND EVALUATION (TI&E)
COMPOSITE "J" SECTION
RECURRING COST/PART

8 '

r7

4 .1 .00

0 1 -

0 2 4 6 8 10 12 14

" ~Part Length, Foot

Applies to laminates up to 32 pl1es.
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TEST, INSPECTION AND EVALUATION (TI&E)
COMPOSITE "J" SECTION

NONRECURRING COST/PART

1oo

400---

300

200

100

0
0 2 4 6 8 10 12 14

Part Length, Feet

•Includes tooling, first article acceptance,
ultrasonic reference standard (URS), and

tool proof.

I-CED-TI&E-G/E-4I
.•.1
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TEST, INSPECTION AND EVALUATION (TI&E)
COMPOSITE "I" SECTION
RECURRING COST/PART

"I,,

8

• 6

4

3 f

2

0 2 4 6 8 10 12 - 4

Part Length, Feet

* Applies to laminates up to 32 plies.
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TEST, INSPECTION AND EVALUATION (TI&E)
COMPOSITE "I" SECTION

NONRECURRING COST/PART

S~Soo

400

[+'•;" i 300

I -.

200------------- -

100

0 -F 0 2 4 6 8 10 12 14

Part Length, Feet
* Includes tooling, first article acceptance,

ultrasonic reference standard (URS), and
tool proof. ICEDT &E-G I
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TEST, INSPECTION AND EVALUATION -(TI&E)
COMPOSITE SINGLE CURVATURE SKIN

RECURRING COST/bPART

10-

.8 - -

7

z 5-

3 -

2

0 2000 4000 6000
Skin Area, Square Inches

a * Applies to laminates up to 24 plies.

ICED-TI&E-G/E-71
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TEST, INSPECTION, AND EVALUATION (TI&E)
COMPOSITE SINGLE CURVATURE SKIN

NONRECURRING COST/PART
060"

1000

900 Includes an
SInspection Check

800 -Fixture (ICF)

700 --

0

500

Minimum Type Tooling

300

' ", 200

• .. ! 1 0 0

0 2000 4000 6000
"Skin Area, Square Inches

Includes tooling, first article acceptance,
ultrasonic reference standard (URS), -8
and tool proof. __ __ _ __ __ _ __ _
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TEST, INSPECTION AND EVALUATION (TI&E)
COMPOSITE SINE-WAVE SPAR

RECURRING COST/PART

14

12 -

11 . / 1.5".-.,I t.--

10 -

12"
Max.

* Typical
• 7 - -Section

5-

4

•S 3

'+2 - - - - - - - - - - -

0
0 2 4 6 8 10 12 14

Part Length, Feet

* Applies to laminates up to 24 plies.

LCED-TI&E-G/E.jj
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TEST, INSPECTION AND EVALUATION (TI&E)
COMPOSITE SINE-WAVE SPAR
NONRECURRING COST/PART

600

Soo /T

12"9
Max.

400

Typical

300 Section

V..=

20 0

100

0 2 4 6 8 10 12 14
Part Length, Feet

ICED-I&E2G/E210
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TEST, INSPECTION AND EVALUATION (TI&E)
ADVANCED COMPOSITES

RECURRING COST/PART FOR TI&E OF
CUTOUTS, STEPS, AND DOUBLERS IN

SINGLE CONFIGURATION APPLICATIONS

1.4

1.2

01.0

Si~~o., ..

0.6

0.4 0.Op

0.2

0.0

0 2 4 6 8 10 12 14 16

TOTAL NUMBER OF CUTOUTS, STEPS, DOUBLERS

ASSUMPTIONS

L• (A) EACH CUTOUT, STEP, OR DOUBLER IS OF A SIMILAR CONFIGURATION
(B) EACH CUTOUT, STEP, OR DOUBLER EXCEEDS BASE CONFIGURATION BY FOUR PLIES

(C) PART REPOSITIONING NOT REQUIRED FOR NOT OF DICE
(0) SIZE AND CONFIGURATION OF PART DO NOT SIGNIFICANTLY AFFECT DICE MAN-HOURS
(E) HOURS SHOWN ARE THE INCREASE OVER A BASE PART WITHOUT DICE

7DICE6TI&E
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U TEST, INSPECTION AND EVALUATION (TI&E)
ADVANCED COMPOSITES

RECURRING COST/PART FOR CUTOUTS,
STEPS, AND DOUBLERS

2.5
LEGEND

-- All cutouts, steps, or doublers
of Identical configuration

2.0 - -. Each cutout, step, or doubler Is
a different configuration

0'- 0 $ 4 5 8 9 1

*1.5

+-" -TI&E-G/E

0.5 00

0
0 1 2 3 4 5 6 7 8 9 10

77Number of Cutouts, Steps, and Doublers Per Part

4DICE-TI&E-G/E-2
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4.7.6.4 Ground Rules for Test, Inspection & Evaluation
(TI&E) of Advanced Composites Section

The following General and Detailed Gxound Rules for the Section on
Test, Inspection & Evaluation (TI&E) of Advanced Composites were developed
to establish the scope of the data required and to establish guidance to
MC/DG application. Ground rules are necessary and important as they promote
understanding, ensure consistency, uniformity, and accuracy in generating
and integrating data into the formats.

4.7.6.4.1 General Ground Rules

The general ground rules are categorized under the following
-" major groupings:

(a) TI&E general and detail ground rules will be based on

ground rules developed for the "MC/DG Advanced Compos-

ite Demonstration Section"

(b) TUE Tectologies

(c) TI&E Facilities and Equipment

(d) Data Generation - TI&E Recurring Costs

, (e) Data Generation - TI&E Nonrecurring Costs.

(a) See "Grouna Rules for Advanced Composite Fabrication Demonstration

Section" in Appendix F of Volume II of MC/DG Final Report (AFWAL-TR-

80-4115).

(b) TI&E Technologies

(1) Only conventional TUE technologies, such as covered in

"the "Advanced Composites Fabrication Guide" (ACFG) are

to be considered. No emerging TI&E methods are to be

considered.

(2) A production environment, in contrast to a prototype,

is assumed for the advanced composite parts based on

200 units.

(3) To generate an effective data base for each selected

part, a factory operational sequence for the selected

manufacturing method, processes, and associated TI&E

4.7.6-25
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operations will be established. This standardized

sequence will be used by each assigned team member

to determine the TI&E cost, wherever possible.

(c) Facilities and Equipment

(1) Only standard manufacturing and TI&E facilities,

currently available to the airframe industry, will

be considered.

(d) Data Generation - Recurring Costs

(1) Recurring man-hour data will be generated for the com-

plete TI&E process to include all hands-on-direct operations

from recelipt of the raw material to a finished part and/

or assembly.

(2) The TI&E costs wiLl be generated for each part type.

These costs will represent the sum of all standard

hours associated with each part as specified in these

ground rules.

(3) Designer-influenced cost elements (DICE) requiring

additional operations will be treated as separate cost

elements.

(4) The resulting TI&E cost drivers will be identified.

(5) Cost data will be expressed in standard man-hours.

(6) A lot size of 25 will be utilized.

(7) Recurring tooling inspection costs will not be included.

(8) In developing cost data for TI&E, individual team company

learning curves will be used, if available. Unit costs

will be evaluated at unit 200 (cumulative average).

(9) The TI&E cost, as derived by each contributing airframe

company, will be normalized by BCL to reflect an industry

team average value for each part.

(10) For proprietary reasons, business-sensitive information

employed at team member contributing companies will not

be presented in the MC/DG.
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(11) No data provided by any airframe company team member Will

be disclosed to other tiam members, agencies, or to the

public without the expresoed approval of the contributing

team iember.

(12) Recurring TI&E costs included will be based on manufac-

turing and quality assurance functions and sequence ai

refarenced in the NC/DG Demonstration Section, Appendix

F (MC/DG Final Report; AFWAL-TR-80-4115).

(e) Data Generation - TUE Nonrecurring Costs
(1) The tooling TI&E costs are to be generated for each

port and assembly, e.g., inspection, check fixtures,

templates, etc.

(2) Nonrecurring costs generated by the team member com-

panies will be normalized by BCL for presentation in

the MC/DC.

4.7.6.4.2 Detailed Ground Rules

The detailed ground rules are categorized under the following

major groupings:

(a) Material TI&E

(b) Base part drawings and sketches used to develop cost

data for formats. See Appendix I (MC/DG Final Report)

(c) Tolerances

(d) Estimating method.

S(a) Material TI&E

(1) Chemical analysis

(2) Mechanical properties
(3) Age history

(4) Dimensional check

(5) Fiber volume

"(6) Thickness per ply
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(7) Cure characterization

(8) Delamination checks

(9) Nondestructive testing (NDT)

(10) In-process controls.

(b) Parts and Assemblies

(1) Use parts depicted in MC/DG for composites, but also

include the sine-wave spar.

(c) Tolerances

(1) Tolerances for the base part configurations were con-

sidered to be: ± 0.03 inch on lineal dimensions and

"" 0.00025 inch on thickness per ply.

(2) Tolerance for the cocured assembly will be * 0.06 inch

on part location.

(3) A minimum of 0.25 inch will be used on all interior

radii.
(4) Pit-up maximum tolerances for cured details will be

0.030 inch gap for "Mechanically Fastened Assembly"

and 0.015 inch for bonded assemblies.

(5) Maximum delamination size.

4
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4.8 Integrated Trade-Off Studies Using MC/DG

The primary objectives of the integrated trade-offs were to:

* Demonstrate the use of the MC/DG in an industrial
environment designing typical airframe structures

* Determine whether the manufacturing cost (man-
hour) formats meet the format development criteria
established

e Determine whether the formats provide the accuracy
required by designers to conduct realistic compari-
sons of airframe configurations in both metallic
and composite materials.

4.8.1 Scope of Trade-Off Studies

This section describes examples of integrated cost trade-offs
using the sheet metal, mechanically fastened assemblies, and advanced
composite manufacturing man-hour data in MC/DG Sections 4.1, 4.2, and
4.3. These examples were selected as being representative of actual
design problems on aircraft in the current and future Air Force
inventories.

The trade-offs are described in the following sections of Volume III
of the User's Manual FTR450261000U. The materials studied and also the
aerospace coalition members that conducted the studies in their design
departments, are indicated below:

Section 4.8.2: General Dynamics Corporation, Fort
Worth Division--aluminum alloy panels

Section 4.8.3: Lockheed-California Company--titanium
-. - alloy panels

Section 4.8.4: Rockwell International, Los Angeles
Division--graphite/epoxy panels.

While each company utilized its own design approaches and procedures,
the following flow diagram, Figure 4.8-1, illustrates the generic approach
of conducting the trade-offs. The use of the MC/DG at various decision
points in indicated on this figure.

484
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4.8.2 Aluminum Fuselage Panel

This section presents the methodology and results of the trade-offs
conducted on the aluminum fuselage panel. The approach used can be sum-
marized in four steps. First, a basic panel was defined. Next, structural
concepts were developed as candidate for the panel designs. Third, the
ground rules and assumptions for the study were specified. Fourth, the
MC/DG data display formats were utilized to obtain the cost of the concepts.

The panel chosen for this trade-off is from the fuselage of the Air
Force F-16 aircraft. Figure 4.8-2 shows the location of the panel on this
aircraft. The designations and sketches of the fuselage panel concepts are
shown in Figure 4.8-3. In the designations, "S" refers to single curvature
and "C" to compound curvature. The details of the panel concepts selected
for evaluation are illustrated in Figures 4.8-4 to 4.8-8. Figure 4.8-5
shows concepts having single curvature (3S), while Figure 4.8-6 shows a
compound curvature concept (3C). The aluminum alloy selected was 2024 alu-
minum. Skins and brake-formed discrete parts were in the T-3 condition.
The parts formed on the rubber press were in the "0" or "W" condition and
solution heat treated to a final condition of T-42. The brake-formed parts
were straight channels and Z-sections. Curved channels and Z-aections were
formed on the rubber press. All skins were Farnham rolled. Further ground
rules and manufacturing assumptions are as follows:

9 3.5t bend radii
* Zee frames used
* Channel stringers used
e Frames joggled at stringers.
e Clips used at frame/stringer joints
e Sealant used on faying surface and fasteners
e Rivets installed automatically

(80% automatically and 20% manually).

The design/analysis assumptions were:

• Shear buckling permitted
e No inter-fastener buckling
e No frame or stringer buckling
* No crippling of stringers in compression.

The strength and weight of each concept were determined using con-
ventional methods of stress analysis. The MC/DG was utilized to comple-
ment the design process by determining the manufacturing cost of each
concept.

The optional cost worksheet was used, along with the supporting data
sheet, to calculate the cost of the panels for the program. Worksheets
are shown in Tables 4.8-1 and 4.8-2 for concepts 4 and 5. Examples of the
data obtained from the MC/DG formats were noted on the worksheet in the

rol.. appropriate columns. The formats utilized to determine the manufacturing
man-hours are shown in Figures 4.8-9 to 4.8T12 and the dashed lines indi-
cate how the measurements and fastener count are used to read the man-hours.
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Examples of how the data from the formats were used for concepts 4 and 5
are shown following the sumary for the trade-off. It is interesting
to note that the cost for both concepts 4 and 5 is the same. This is be-
cause facility limitations constrained the contoured parts to be formed
using the rubber press method, instead of the less expensive brake and
roll method. The only difference between the two concepts is the addi-
tion of lightening holes to the frames in concept 5. In the rubber press
operations, the provision of lightening holes does not require any addi-
tional operations.

Table 4.8-3 provides the results for the cost, weight, and cost-per-
pound of the single curvature concepts. The compound curvature concept
(No. 3C) was similar to one of the single curvature concepts (No. 3S),
and, as expected, the MC/DG showed the compound curvature concept to be
more expensive (Table 4.8-4). Table 4.8-5 sunnarized the cost-weight
trade-offs for the concepts and also shows the cost of weight saved in
dollars-per-pound. These data will allow the design team to select the
cost-optimized fuselage shear panel that will also satisfy other program
parameters.

The results of this integrated example reflect the MC/DG User's
Guide as an effective aid to the design engineer. It allows easy quali-
tative cost guidance and also quantitative manufacturing cost trade re-
sults. Furthermore, it is sensitive to configuration variations.

LN...
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SINGLE CURVATURE PANELS
.-.

CONCEPT NO. DESCRIPTION

'1 UNSTIFFENED SKIN

2 2 STRINGERS

See Figure 4.8-4 for Further Details

3S 1 STRINGER, 2 FRAMES

See Figure 4.8-5 for Further Details

4 3 FRAMES

See Figure 4.8-7 for Further Details

5 3 FRAMES WITH CUTOUTS

See Figure 4.8-8 for Further Details

COMPOUND CURVATURE, TAPERED WIDTH PANEL

CONCEPT NO. DESCRIPTION

3C 1 STRINGER, 2 FRAMES

44
See Figure 4.8-6 for
Further Details

FIGURE 4.8-3. CONCEPTS EVALUATED IN ALUMINUM
FUSELAGE SHEAR-PANEL TRADE-OFF STUDY
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INSTALLATION COSTS FOR ALUMINUM RIVETS

Installation Method Curve
Installation Auto- 180 % Auto_______

70- Requirements Manual mtc20% Manual

Dy5 1 2

Primer or
*P sealant on 6 1 3
K ~~~~fastener only.________

50- Sealant on_
fastenerand?7 4
toying surface.___ --

E 40 _ _ _ _ _ __ _- - - -

4nFor non-recurring-
tooling costs seeT 7

30-
*~ Cz

20 5

I~II

0200 400 600 800 1000 1200
Total Fasteners in Assembly CDMF-

FIGURE 4.8-11. FORMAT USED IN TRADE-OFF STUDY
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NON- RECURRING TOOTING COST FOR

ALUMINUM AND TITANIUM ASSEMBLIES

a- .a . a! a

Soo
S' 4 - -----.-......-.-. I-.-..

~400
4 Manual Riveting

0,a a . a Ia I

• ~ ~200- ::

0 2 4 6 8 10 12 14 16 18 20 22 24
Perimeter ,feet

ICED-MFA-31

FIGURE 4.8-12. FORMAT USED IN TRADE-OFF STUDY
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TABLE 4.8-3. SUMMARY OF COST-WEIGHT RELATIONSHIPS
IN ALUMINUM FUSELAGE SHEAR-PANEL
TRADE-OFF STUDY

COST, WEIGHT, COST PER LB,
CONCEPT $ LOS S/LB

I UNSTIFFENED 63 21.22 3

"2 2 STRINGERS 246 1&.68 13

38 2 FRAMES 309 19.83 16
1 STRINGER

4 3 FRAMES 274 19.06 14

5 3 FRAMES 274 19.03 14
(WITH CUTOUTS)

UL

TABLE 4.8-4. INFLUENCE OF CURVATURE ON COST AND WEIGHT

COMPOUND CURVATURE-TAPERED

1 STRINGER. 2 FRAMES

COST PER LB

CONCEPT COST. WEIGHT, LB WEIGHT, S/LB

3S SINGLE CURVATURE 19.83 16

3C COMPOUND CURVJATURE 312 18.98 19

4.8-18
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TABLE 4.8-5. SUMMARY OF RESULTS IN ALUMINUM FUSELAGE
SHEAR-PANEL TRADE-OFF STUDY

COST OF
WEIGHT

COST WEIG HT SAVED,
CONCEPT S/PART &$/PART LBS/PART ALBS/PART $/LB

1 UNSTIFFENED 63 BASE 21.22 BASE BASE

2 2 STRINGERS 246 183 19.68 1.54 119

38 2 FRAMES 309 246 19.83 1.39 177
1 STRINGER

4 3 FRAMES 274 211 19.06 2.16 98

3 FRAMES 274 211 19.03 2.19 96
(WITH CUTOUTS)

4.8-19
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4.8.3 Titanium Fuselage Panel

To illustrate the procedure of using manufacturing data from various
sections of the MC/DG, details of a trade-off conducted on a series of
concepts for a titanium shear fuselage panel are presented here. Figure
4.8-13 shows the panel selected. The approach used for this trade-off
is shown in Figure 4.8-14.

The study commenced with a review of the MC/DG ground rules and also
of the structural sections available in the MC/DG which are shown in
Figure 4.8-15. The second step was to specify the structural design prem-
ises and the characteristics of the panel designs. The dimensions se-
lected for the panel were 36 x 72 inches with a uniform curvature of 60-
inch radius. The applied loads and structural design criteria are sum-
marized in Figure 4.8-16. These criteria were retrieved from studies
earlier conducted at Lockheed-California Company on the first and second
generation SST but modified to reflect the prescribed ground rules of
the Section 4.1 for Sheet Metal.

The third step in conducting the trade-off was to develop the can-
didate design configurations. Table 4.8-6 provides a summary of the seven
design concepts (I-VII) considered and also indicates the structural member
spacings, A and B (shown in Figure 4.8-13) for each concept. The concept
variables were the number of frames, number and type of stringers, and
skin thickness. Figures 4.8-17 through 4.8-23 are the drawings of each
concept (I-VII), which include a list of parts. Table 4.8-7 summarizes
the concepts and provides the number, type, dimensions of each part and
also the number of rivets (fastener count) required for assembly.

The final step of the trade-off, was to estimate the cost and weight
of each concept. Standard weight estimation procedures were used. The
total cost of each concept was determined using the MC/DG Designer's Work-

sheet and an example of its utilization for Concept I is shown in Table
4.8-8. Supporting data for entry on this worksheet are shown in Table 4.8-9.Instructions for completing the MC/DG Designer's Worksheet are provided in

Table 4.8-10. In column 2 of Table 4.8-8, the learning curve factor is spe-11 cified. Typical values for industry learning curves are shown in Table
4.8-11, where the manufacturing operations required for the titanium shear

panel are indicated. The factors to convert the MC/DG 200th unit cost for
the design quantity and learning curve involved are provided in Table 4.8-11.
For a design quantity of 200 aircraft (Table 4.8-8) and learning curves of
75%, 85%, and 90%, the factors are 1.17, 1.30, and 1.66, respectively.

Examples of formats that were used in the MC/DG to conduct the trade-
offs are shown in Figures 4.8-24 to 4.8-31. Dashed lines and arrows in-

cluded on these formats indicate how the manufacturing cost data wereretrieved.

4.8-20



a-rn,.,--• • %- ...... . °. ..... % . ~. -. , •. •. . . -°"......... • ...... ......

FTR450261000U
3 Jan 1983

With both the manufacturing cost and weight of each panel determined
for each candidate design, the data can be organized by the designer into
a convenient form for subsequent selection of the optimum panel design.
Table 4.9-12 summarizes the cost and weight of each concept. In this sum-
mary, the least costly panel, Concept VII, was selected as the baseline
design. The weight and cost increments for each panel can now be calcu-I lated relative to the baseline design. The increments are utilized to
"determine the cost of weight saved (dollars per pound). These results
are also included in Table 4.8-12. The designer concluded from these
data that Concept II is the recommended panel design. In order to con-
firm this decision, Table 4.8-13 was prepared with Concept II as the base-
line design. The increments and cost of weight saved were again calcu-
lated. The results shown in Table 4.8-13 indicate that Concept II was
the correct choice.

FRAME STRINGER C

I \- -- - --- +

-

B -A LSKIN

FIGURE 4.8-13. TITANIUM FUSELAGE SHEAR-PANEL TRADE-OFF STUDY

4.8-21



FTR450261000U
3 Jan 1983

a LU 0 X

UL

'4 Z4

c- us a-

~U -c 'A U

N I zwI u I-

CC

ucc. U. 4.z -22

..........................................................



FTR450261000U
3 Jan 1983

.> ,, E-4

aE-

I ~L~l

*1 . . w u

ww

Iluc
ad.

*1ii

I, Iio =

333

_ii

-4.8-23

~'. ........



FTR450261000U
3 Jan 1983

* - %q IS

NMI,

I'':I • I

% U

.. "5;i •-v-4

UIS " 2

5-,,- !

4.8-24

.,., .,'•;.-.'..- -... ,. . ,-.- ., ' ,,-.. . .. . . .. . .. - j .. .. . . •N. . . . .. . . . . ., _ ,, ,, • , •- • • . 2 1-•. ,la , . .K- 5-3.u!.,, . . ... 1 ,, . . . a 2,,• . ,• . , • -



FTR450261000U
3 Jan 1983

wo ao s

0 -i us I-

5 c N N N N N

rn-i a o

N N N N NI

0 I-
d d d

4.8-2



FTR450261000U
3 Jan 1983

N+ ,II

~~ ,. '.,

E-

•ILIA

482

!_1~ i

SI-I u l
:2• 4.8-2

+'•,'z
"• "• • • • _ •"'• • • ,+ •• ,7 ". • ?. "• •" •'-, ",; • •,, : _•," ."•, +-, ," •...'. ,- :, . .j -•+ . _, " , '•,_+•' ,, *. .:,' :,.:..+, :._• .". "_•,",-_..0_C ,



FTR450261000U

3 Jan 1983

III
i 4-

1 -
,.'

.

'I *

1-4

"" ' ' I•-
N 

-"• 
-

' I

4,D4.8-27

• :,[



1% 4 .

FTR450261000U
3 Jan 1983

_ _ 3

It

6tt
Le ,I-

4.8-28



m • •, ii , ,-. • q o q,•, . . .•• -.. -. , .. •, --• .,• o. v-.I., .. -. --.. -. --.. ..' -•',' -.% .o•

FTR45026100OU
'. - 3 Jan 1983

S• I-

.Io 'w

,• "k ~ i N g

L T -a

No 
.

';4. .. ,.._i_
: Eli!

a I'l !t

I.8-II

S... ., .•.•. _ ./ _.• -•_?i•••" •• " • •.'''_•.o•'• ,,.. .. :•:_., _ ,'• .. • • .,L •,. .. . •;_I _.'I- .',



FTR450261000U• •3 Jan 1983

++Ij

Nip

I'E 4

\ 1" 0
gII

E-4

4c3

3 I-3

4.8-3



FTR4502 61000U
* *.3 Jan 1983

. 1 w

II

Ai .. . !

•"• i

4.8-311

g -"I, I""-. .',- ." - :,,, , •,.', . -- " - . . . .- . - - . , •". , -• ' ,.:.,• , -- , . ::- , : : .. .



FTR450261000U
3 Jan 1983

E-

!i"

PP

"" . .......

".. 448-32

A2-I



3 Jan 1983

L.J z z
u Z 1 C C J C C JI C C Z

N C14 CA R 9 10 2
1-40

2 U. 
-.

Z~

E-4

00

.L. m

go >
-. U. -

**

zw N

8 -9

"4 2 =

CIO-3

- .. .- -. 
4PA

La ~ U. *



FTR45 026 1000U
3 Jan 1983

am

MI1.4

01

t.) S -

V)r

N cr..t C)..O

u~j

&.to

U) a
N ~ ~ 14J

aL

~4.8-3



FTR450261000U
3 Jan 1983

0 Z

'In

a -

C.

%... I& -t C
l . ri 'I-

1-44

0 N.

5-4
j- Sna

oci
LO.

5-4~C f' %-I

'As 'AI0

'K Z -j

i:4 t. go5

E 4.

N' 4

'"P C

4.6i 43



iI
FTR450261000U3 Jan 1983

TABLE 4.8-10. INSTRUCTIONS FOR UTILIZING
DESIGNER' S WORKSHEET

Step Worksheet
No. Colum Input Procedure

1 Part no. Enter identification, if ayailable.

2 Description Enter brief description, e.g.,
Stiffener, Zee, . section, etc.

3 1 Manufacturing Labor From CED section determine man-hours
per part at 200 units.

4 2 Learning curve (LC) Based upon learning curve percentage
factor and design quantity. Factor pro-

vided by user company.

5 3 TI&E labor From MC/DG, enter RC for TUE (man-
hours).

6 4 Labor rate Current manufacturing labor rate
including direct labor fringe bene-
fits and overhead charges.

7 5 Labor recurring costs (RC) Product of Colm 1 times Column 2
plus Colunn 3 times Column 4.

8 6 Material cost Based upon furnished data in company
utilizing HC/DG, enter material cost
per part in dollars.

9 7 Recurring cost (RC) per Total of Columns 5 and 6.
part

10 8 Parts per aircraft Number of identical parts per air-
craft.

11 9 Design quantity Number of aircraft in buy considered.

12 10 Program recurring cost Product of Column 7 times Column 8
(RC) times Colum 9.

13 11 .lonrecurring tooling cost From NC/DG, enter NRTC in man-hours.
(NRTC)

1i, 12 NRTC for TUE From MC/DG, enter NRTC for TUlE in
man-hours.

15 13 Labor rate See Colmn 3.

16 14 Program nonrecurring Colums 11 plus 12 times Colum 13.

tooling costs (NRTC)

17 15 Program cost Sum of Column 10 and Column 14.

18 16 Design quantity See Column 9.

19 17 Cost per aircraft Column 15 divided by Colum 16.

4.8-.
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TABLE 4.8-11. LEARNING CURVE FACTORS

TYPICAL INDUSTRY
OPERATION LEARNING CURVE

ASSEMBLY, CONTROLS 85%

ASSEMBLY, ELECTRICAL 80%

S.,.' ASSEMBLY, HYDRAULICS, PNEUMATIC, ETC. 85%

FUNCTIONAL INSTALLATION 65%

PLASTIC FABRICATION 85%

MACHINING - CONVENTIONAL 90%

MACHINING - NUMERICAL CONTROL 95%

STRUCTURAL ASSEMBLY - BENCH 85% * SUBASSEMBLY

STRUCTURAL ASSEMBLY - FLOOR 75% PANEL

STRUCTURAL ASSEMBLY - FINAL 70% ASSEMBLY

SHEET METAL FABRICATION 90% • DETAIL PARTS

NOTE: THIS GUIDE IS TYPICAL OF THE AEROSPACE INDUSTRY AND IS FOR THOSE DESIGNERS
•" qi FOR WHOM INDIVIDUAL COMPANY LEARNING CURVES ARE NOT AVAILABLE.

THE FACTORS IN THIS TABLE WILL CONVERT THE MC/DG
200TH UNIT COST TO THE CUMULATIVE AVERAGE COST FOR
THE DESIGN QUANTITY AND LEARNING CURVE INVOLVED.

."DESIGN LEARNING CURVE - PERCENT
,QUANTITY 98 90 8 80 75 70 65

1 1.48 Z25 3.48 5.50 9.00 15,00 27.00

10 1.31 1.79 2.47 348 E.04 7.53 11.67

26 1.25 1.59 2.05 2.71 3.68 5.13 7.43

60 1.19 1.44 1.79 I 2.22 2.85 3.76 5.14

100 1.13 1.30 1.52 1.80 2.18 2.73 3.51

200 1."1 1.17 1.30 1.45 1.66 1.95 2.36

350 1.04 1.08 1.14 1.22 1.33 1.48 1.70

R00 1.01 1.02 1.05 1.09 1.15 1.24 1.38

/50 0.98 0.96 0.96 0.96 0.97 1.01 1.09

100" 0.90 0.92 0.89 0.87 0.87 0.88 0.91

4.8-37

'7I



FTR450261000U

3 Jan 1983

TABLE 4.8-12. COST-WEIGHT TRADE-OFF SUMMARY FOR TITANIUM
FUSELAGE SHEAR-PANEL TRADE-OFF STUDY

COST OF
WEIGHT

COrT WEIGHT SAVED-
CONCEPT $/PANEL 6/ANEL LBS/PANEL AWT LBS S/I.B

I 26 371 56.02 -23.77 30

RECOMMENDED
II 2I0 an 5.46 -23.33 21 CONCEPT

II 4182 2154 6.26 -23.53 73

IV 33 1700 57.3 -30.21 so

V 4238 2206 G4.46 -23.31 95

VI 3712 1754 63.10 -23.11 73

Vill 2m BASE 87.73 BASE BASE

TABLE 4.8-13. COST-WEIGHT TRADE-OFF SUMMARY FOR TITANIUM
FUSELAGE SHEAR-PANEL TRADE-OFF STUDY

COST OF
WEIGHT

COST WEIGHT SAVED-
CONCEPT S/PANEL b/PANEL LUWPANE L AWT LBS S/LU

I 2MU 343 5.02 40.5 (D__ A
RECOMMENDED

II MU SASE 53.46 BASE BASE CONCEPT

III 410 153 5 -0.20 76

IV 3723 1073 57.58 -O.68 1225

V 4236 Im 64.4 +6.02 (0
VI 3732 1132 63.0 +6.34

( GREATER WEIGHT AND GREATER COST.
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INSTALLATION COSTS FOR TITANIUM RIVETS
(CONCEPT I)

90 _ _ _ 1 1 1 _ _ I

Installation Method Curve
Instal lation-e Auto- 80% Autoo Requirements Manual matic 20% Manual

U Dry
70

Primer or
sealant on 7 I 4 -

fastener only

.c 60 Sealant on
fastener and 8 2 5
foying surface 8

For non-recurring 7

E tooling costs see

6

Assembly" J

40 20 0 0000 IO0 ,0
o ao~ ~a 6oo eoo 1000 ,

Total Fasteners in AssemblyCE MF 2

'•.• FIGURE 4.8-30. FORMAT USED IN TRADE-OFF STUDY
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NON-RECURRING TOOLING COST FOR
ALUMINUM AND TITANIUM ASSEMBLIES

"(CONCEPT I)

•II O O - -- - - - - - - - -

i -.,....-

Soo

g. 600 - - - Automatic Riveting---
EPanel
.cAssembly

S400 Manual Riveting
r Frame
5Assembly - -- -- - - --'"- - - -

z

0

0 2 4 6 8 10 12, 14 16 18 20 22 24
Perimeter ,feet

ICED-MFA-3.

FIGURE 4.8-31. FORMAT USED IN TRADE-OFF STUDY
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4.8.4 Composite Fuselage Panel

The details of the trade-off study conducted on a composite
(graphite/epoxy) fuselage panel are discussed in this chapter. The
trade-off followed the steps similar to the earlier cost/weight analy-
ses. These steps are:

1. Develop candidate conceptual designs
- Establish skin panel sizing
- Establish frame shape selection
- Identify number of frames required
- Select stringer shapes
- Identify number of stringers required
- Recommend candidate manufacturing methods

to produce each discrete part
2. Determine manufacturing cost for each candidate design
3. Determine assembly costs for each candidate design
4. Determine weight (lb) for each panel candidate design
5. Determine total manufacturing cost (including materials

and tooling)
6. Present manufacturing man-hours or cost and structural

weight on design charts or tables to facilitate selection
of the most cost-effective design.

Because advanced composite material applications to aircraft fuse-
lages are promising, this is an appropriate study. Advanced composites
applied to fuselages provide several advantages. Fabrication of metallic
fuselages by conventional methods has resulted in problems with manufac-
turing cost, weight, maintenance, crashworthiness, and fatigue resistance.
Use of lightweight sandwich panels has increased stiffness, but corrosion,
damage control, and repair have posed problems. The large number of parts
and fasteners, typical of metallic assemblies, also impacts ownership costs
(approximately 75 percent) and life-cycle costs (approximately 50 percent).
Conversely, the utilization of advanced composite materials has provided
both weight and cost savings in primary structures. Emerging manufactur-
ing methods for advanced composites promise further significant reductions
in acquisition costs of advanced tactical aircraft and the cost advantages
of these methods should also be presented to designers.

The composite used in this trade-off was AS/3501-6, as specified in
the ground rules (see ground rules in MC/DG Composites Section 4.3). The
design assumptions for this trade-off specified a panel 36 inches wide
by 72 inches long, with single curvature of 60-inch radius. A balanced ply
lay-up with quasi-isotropic skin was selected. The 3pacing of the struc-
tural members was specified as 12 to 24 inches for the frames and 4 inches
minimum for the stringers. Assembly was to be performed utilizing titan-
iumfasteners or cocuring. The limit loL'-ýng ccnditions were:

a Nx - 2000 lin. (compression)
a Nxy - 121 ib/in. (shear)
@ Shear buckling was not permitted.
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A vemperature of 300*F and a dry environment were also assumed.

As shown in Figure 4.8-32, the configurations could be conveniently
grouped into the following three categories:

9 Lightweight/high complexity (Concept A)
e Moderate weight/moderate complexity (Concept B & C)
e High weight/low complexity (Concept D).

In evaluating the various concepts, stringer/frame, stringer/skin, and
skin variations were considered. The MC/DG was utilized in analyzing
the manufacturing costs of each concept, as indicated by the dashed boxes
in Figure 4.8-32. Figures 4.8-33 to 4.8-36 show the baseline fuselage
panel and the three configuration categories mentioned above (Concepts A
to D).

Three configurations were analyzed within the category of light
weight/high complexity (see Table 4.8-14). For these concepts, the num-
ber of stringers and frames were varied in the process of determining
the optimum combination. Once it was determined that four stringers with
three frames provide the optimum combination, the type of stringer and
the method of assembly were determined. Table 4.8-14 summarizes the
stringer shapes and assembly methods considered and also provides the
cost (man-hours), for each concept. Figure 4.8-37 provides a plot of
these concepts showing weight versus manufacturing man-hours. The fig-
ures also show the relationship of each concept to lines representing
the values of man-hours per pound. From Figure 4.8-37, it will be noted
that alternative III was selected to represent the lightweight/high com-
plexity category when comparing with the competing concepts.

An example of the MC/DG cost worksheet and the supplementary data
"sheet are shown for the lightweight/high complexity concept following

this summary of the trade-offs (Tables 4.8-15 and 4.8-16). Instruc-
tions on utilizing this worksheet are included in Table 4.8-17.

Data from the MC/DG formats were entered in the worksheet in order
to calculate the cost of the panel. The formats used for this concept
are listed in Table 4.8-18. Examples of formats used for Concept A-III
are shown in Figares 4.8-39 to 4.8-46. The formats are marked with
dashed lines and arrows to indicate how the data were read. Since this
concept utilized ply counts that were not readily indicated on the for-
mats, interpolation was necessary. The nature of the formats makes in-
terpolation an easy task for the designer to perform. The interpolated
lines are shown dashed to distinguish them from the lines on the original
format.

A similar methodology was followed to select representative config-
urations from the other two categories. Table 4.8-19 summarizes the con-
figurations chosen for each category with the cost (man-hours) and weight
(pounds) of each configuration. Figure 4.8-38 presents this intormation
graphically. Again, lines representing man-hours per pound are included.
Using these data, selecting a configuration for production commitment,

4.8-48
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from those summarized, depends on the relative importance of weight sav-
ings as well as other design factors for the aircraft under consideration.
The designer and management can balance weight savings to meet the vehicle
requirements, with the cost to achieve these savings.

In a case where two or more concepts appear to be close in the cost/
weight trade, cost estimators may need to participate In the decisions by
Priking a detailed cost estimate. This estimate, combined with other fac-
tors, would allow the design team to select the most cost-competitive
design meeting all design parameters.

This trade-off provided an opportunity to utilize a number of the
designer-oriented formats presented in MC/DG Section 4.3 for "Advanced
Composites".
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TABLE 4.8-17. INSTRUCTIONS TO UTILIZE DESIGNER'S WORKSHEET

Step Worksheet
No. Column Input Procedure

1 Part no. Enter identification, if available.

2 Description Enter brief description, e.g.
Stiffener, Zee, J section, etc.

3 1 Manufacturing Labor From CED section determine man-hours
per part at 200 units.

4 2 Learning curve (LC) Based upon learning curve percentage
factor and design quantity. Factor pro-

vided by user company.

5 3 TX&E labor From MC/DG, enter RC for TUlE (man-
hours).

6 4 Labor rate Current manufacturing labor rate
Including direct labor fringe bene-

fits and overhead charges.

7 5 Labor recurring costs (RC) Product of Column 1 times Column 2
plus Column 3 times Column 4.

8 6 Material cost Based upon furnished data in company
utilizing MC/DG, enter material cost
per part in dollars.

9 7 Recurring cost (RC) per Total of Columns 5 and 6.
part

10 8 Parts per aircraft Number of identical parts per air-
craft.

11 9 Design quantity Number of aircraft in buy considered.

12 10 Program recurring cost Product of Column 7 times Column 8
(RC) times Colu 9.

13 '1 Nonrecurring tooling cost From MC/DG, enter NRTC in man-hours.
(NRTC)

14 12 NRTC for T16E From MC/DG, enter WRTC for TIUE In

man-hours.

15 13 Labor rate See Coluin 3.

16 14 Program nonrecurring Columns 11 plus 12 times Column l?.

tooling costs (XRTC)

17 15 Program cost Sum of Column 10 and Colun 14.

18 16 Design quantity See Colun 9.

19 17 Cost per aircraft Column 15 divided by Column 16.

4.8-59
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TABLE 4.8-18. TRADE-OFF STUDY ON ADVANCED COMPOSITE FUSELAGE PAiZEL

"Formats Utilized for Integrated Example

Concept Cost Item Format Number

Lightweight/High Skin CED-G/E-7 and CED-G/E-8
Complexity Hat Stringers CED-G/E-1 and CED-G/E-2
Mechanically Fastened "J" Frames CED-G/E-3 and CED-G/E-4

(Concepts A-I and Strip Plies DICE-G/E-1
Cutouts DICE-G/E-2

A-Il) Cutout Doublers DICE-G/E-4

Assembly (Mechanical) CED-MFA-2 and CED-MFA-3

Lightweight/High Skin CFM-G/E-7 and CED-G/E-8
Complexity Cocured "J" Stringers CED-G/E-3 and CED-G/E-4

"J" Frames CED-G/E-3 and CED-G/E-4
(Baseline Concept Strip Plies DICE-G/E-I

A-III) Cutouts DICE-G/E-2
Cutout Doublers DICE-G/E-4

Assembly (Cocured) CED-G/E-10

Moderate Weight/ Skin CED-G/E-7 and CED-G/E-8
Moderate Complexity "J" Stringers CED-G/E-3 and CED-G/E-4
4 Stringers/3 Frames "J" Frames CED-G/E-3 and CED-G/E-4

Strip Plies DICE-G/E-1
(Concept B) Cutouts DICE-G/E-2

Cutout Doublers DICE-G/E-4
Assembly (Cocured) CED-G/E-10

Moderate Weight/ Skin CED-G/E-7 and CED-G/E-8
Moderate Complexity "J" Stringers CED-G/E-3 and CED-G/E-4
3 Stringers/3 Frames "J" Frames CED-G/E-3 and CED-G/E-4

Strip Plies DICE-G/E-I
(Concept C) Cutouts DICE-G/E-2

Cutout Doublers DICE-G/E-4
Assembly (Cocured) CED-G/E-lO

Minimum Part Count Skin CED-G/E-7 and CED-G/E-8
"J" Frames CED-G/E-3 and CED-G!E-4(Concept D)
Strip Plies DICE-G/E-I
Assembly (Cocured) CED-G/E-10
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SINGLE CURVATURE SKIN
RECURRING COST/PART

INFLUENCED BY NUMBER OF PLIES
0CURE STAGE

I.

R - 60 "

=r

W J ___ s__ PLIES

40 1,-? 4

SKNAREA ,X 10 3 , N.2~

ICED-G/E-71

FIGURE 4.8-41. FORMAT USED IN TRADE-OFF STUDY
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SINGLE CURVATURE SKIN NON-RECURRING
TOOLING COST/PART

700R 
-60"

500

4500

r-
cc

no

20

~/0300

100

2 4 6 8 10 12

SKIN LENGTH -ft

SEE GROUND RULES FOR LIMITATIONS AND CONSIDERATIONS

FIGURE 4.8-42. FORMAT USED IN ICED-G/E-81
TRADE-OFF STUDY
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ASSEMBLY TIME

7.0 . ----

6.0 .... .

,.0
0
:4.0 - - - - - - -- -- -

BAGGING TIME-AUTOCLAVE
REUSABLE SAG

2.0 .A

1.0
I. I

1.00-i-- - - - -- - - - - - -

0 1000 2000 3000 4000 5000 6000 7000
TOOL AREA, IN.2 ; (PANEL WIDTH + 12 IN.) -(PANEL LENGTH+ 12 IN.)

0.6- ------
0.5.

N0.4--

X 0.3 ,,•._,

0.2 - -• ***'•UNIT COST

HANDUNG/PREFIT/JOINING OF DETAILS
0 .1 0 0 1. ..

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

BOND AREA. IN. 2 ; (AREA COMMON TO PANEL AND STIFFENERS)

Now: (1I T determine ,msaing cst of assembly ad bond of
fully outed skin and stiffaser details, use both
CED-0/IE-10 fomats and both CED-G/E-9 forma.

(21 Tol madsfor Pma (CED-G/E4I- suIedfor CED-G/E-1I0

FIGURE 4.8-46. FORMAT USED IN TRADE-OFF STUDY
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4.9 Supplementary Forms

4.9.1 Worksheets for Designer Use

To conveniently utilize the manufacturing man-hour data presented
in the MC/DG, Designer Worksheets have been prepared. These have also
been utilized for various examples for discrete parts and sub-assemblies
in the MC/DG sections and also for the integrated examples on aluminum,
titanium, and composite fuselage panels (Volume III of the User's Manual
FTR450261000U)o

While the use of the Designer Worksheets is optional, a blank copy
of each is included here for the convenience of those that prefer this
approach and would like to reproduce a supply. The worksheets are asfollows:

* MC/DG Cost Worksheet
9 Extrusion Cost Worksheet
9 Casting Cost Worksheet
* Casting MachFnong Cost Worksheet
e Forgang Cost Worksheet
a Machining Cost Worksheet for Forgings.

4.9.2 Document Request Order Form

The documents available on the Air Force ICAM "Manufacturing Cost/
Design Guide" project are listed on the Request Order Form provided at
the conclusion of this section. Documents generated under the contract
contain controlled distribution and export control clauses.

4.9.
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EXTRUSIONS-COST WORKSHEET

PART NO-* DESCRIPTION: DESIGNER: DATE:
ALUMINUM ONLY.,

Allepiyemeur Mullpler (CBD.IXTN-2)

* a ___________ Seup Cot(CID.IXTN4) /Port______
Gov Gleb y.

Nmieuomm laburnim ft C" (CUO4axmN -) a
Ahmoomp bly kslMin~m FoueerI be Su~ppliu by U8er COmIPany ______________

PNUaIne M.owcs FORMAT RECURRING NONRECURRING
NUMSER COST COST

To"t muopmeem a glowelm"e C

TOTAL FRI"CATION COST (UNIT aMp 44)m

(~ ~g4 Pas eaer-ime Tabw Selew V1_4?__%_0_12

()Felsoomiim ComOaew lmp*mia crI n N

(%I Powwow"U~ CaeI-M~mommWili, 14 1)

COST S1UMMARY

(a) Meow"l CeguPut
(4) Fobfsiua'Meow"m*, COalPan

(b) Nmsavbm Caal-4061sib

(h) Neenm Co@64%ifteden~

(~a)g Cc~ e (ftj+le

Is 1.13 3S 148 Un~t am0 Fenusal see to Cumumalie

26 lie so 11 Averes" l cost Varfamus Design

so 1.44 750 C.3

100 1.013 0 0.32
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CASTING COST WORKSHEET

PREPARED BY: DATE:

DESIGN QUANTITY
PART TITLE " LOT QUANTITY

MATERIAL SPECIFICATION FOUNDRY PROCESS
Aluminum QQ-A-6O1

356
A356 MIL-A-21180 __Sand

Steel AMS 4218 . . Investment

17-4 PH ._AMS 5355 .,

BOX VOLUME W x L x T

ITEM

RECURRING COST
a) Base Cast Cost (Rot ) £

b) DICE Factor (Rf .)

c) Lot Quantity Factor (Ref )
d) Test ansp. & Eval. Cost (Ret )

I) Inflation Factor

f) Recurring Cost (a x b x c+ d)e

NONRECURRING COST
g) Base Nonrecurring Cost (Ref.)

h) N R DICE Factor (Ref )

I) Check Fixtures (Ret ) S

j) Static Test Cost (Ref ) S

I) inflation Factor

k) Nonrecurring Cost (g x h + I+ J)e S

COST SUMMARY
f) Recurring Cost/Part S
I) Machining Cost/Part S
m) Design Quantity

n) Program Recurring Cost (f + I)m S

k) Nonrecurring Cost

o) Program Total Cost (n + k) S -

p) Total Cost/Part (o + m) $
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..................... . . .



FTR450261000U
3 Jan 1983

CASTING MACHINING COST WORKSHEET

MACHINING FEATURE FORMAT RECURRING NONRECURRING

COST COST

Holes - No. Size

Drill

Drill & Spotface

Drill & Ream

Cost Per Part MH MH

Flange Facing

Mean Diam - Width

Cost Per Part MH MH

Face Milling

Area Milled Sq. In.

Cost Per Part MH MH

Face & Counterbore Hub

Ctrbore Diem__ No.

Cost Per Part MH MH

Clevis-Str. Mill/DrilI/Ream

No. . Size

Cost Per Part MH MH

Machining Cost (Unit 200) Per Part MH MH

Learning Curve Factor

Labor Rate S /HR S /HR

Machining Cost/Part* S

Nonrecurring Cost

"Machining cost/part = U200 cost/part x LC factor x labor rate.

Des. Qty LC Factor Des. Qty LC Factor

1 2.25 200 1.17
90% Learning Curve Factor to Convert

10 1.79 350 1.08 Unit 200 Format Cost to Cumulative25 1.59 500 1.02 Average Cost for Various Design

50 1.44 750 0.96 Quantity.

"100 1.30 1000 0.92
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FORGING COST WORKSHEET

TITLL 0____ 10_ DEIG UANTITY: LOT OUANTITY: DESIGNSR: DATE:
TYPE MATERIAL HANMMING ILOCKER/CONV. CONV. 11PRE1CISION PRECISION TEST, IN4SP. & EVALUATION

Nowd Abookmu- anm Welght - Lb Celeg I so S ow Ce
RW4n - TNIA04V..... L-00 -eMW CONl A- 11- 1 B.......E P110 Affl~e Coal

*~ ~ ~ ~ "m Sle4r....... 0 W...... 10-..., S /Lb C - 0-... Setm Cooet am e Folimg*s ...... S-
* ~~COW, - Ale - y...... IW - et*COoN Pion Am S Se Predleg~nCoot/Leg

reme~en- Vumsa - weight ....... $-......../Lot Sql,. DiC, Peeiler On. Poring +5 aS -S

PH4CMu as"e cool SO L - I.U~nnse m. S .. Eeed

RECURRING COST

Coo~Pee a WeigW a son Cowe huhmilonm Feel

Suv DCp. SetpLeO 1 l.Wbdoncof"aWeigh 3 am CONe x .83 x j~u~jPeele

LbxS /Lb. x08 *A .... aL

emu Bu(Yfwe fo

C~a[_ ____Feelr Sup D-p. j freele

Prociglmn ogI"
fee.DICE Sa" Oty. lwlilenmCoo~Pel. ame Cowl a .xu

NONRECURRING COST

Toeeoet~L~tNW.1NN.1) ~ Feelef

oir)e x 1 - 3,

Peeeo Forging
ToM Cowal Sam. TIW C~ut x . 4

Cost Swuarwy
Preogom cose CeaJcoo~ a Onig 0 Tool oM Pleel Adegt Pred TIII Oseig DIV.

DuelipTIAE CowO Ceet/ol Let DHIp.

35 TOWd Ceet/pet 3 _______ n
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MACHINING COST WORKSHEET
FOR FORGINGS

NONRECURRINGRECURRING COST O" OS
MACHINING FEATURE FORMAT (MAN-COURS) TOOLING COST

Sn (MAN-HOURS)

HOLES: NO. - SIZE

DRILL
DRILL & SPOTFACE
DRILL A REAM

FACE MILLING
AREA MILLED - IN2

CLEVIS-STR. MILL, DRILL, AND REAM
NO. - SIZE

MACHINING COST (UNIT 200) PER PART

LEARNING CURVE FACTOR (SEE BELOW) II_ _

- ~ LABOR RATE s /HR s /MR
RECURRING MACHINING COST/PART" S
NONRECURRING TOOLING COST (NRTC) $

RECURRING MACHINING COST/PART a

UNIT 200 COST/PART m LEARNING CURVE FACTOR LABOR RATE.

LEARNING LEARNINGDESIGN CURVE DESIGN CURVE
QUANTITY CRE QUANTITY CUV

FACTOR FACTOR

1 L252 m0 1.17' 2.. LEARNING CURVE FACTOR TO CONVERT

Il 1.79 350 1.06 UNIT 200 FORMAT COST TO CUMULATIVE

a 1.02 is AVERAGE COST FOR VARIOUS DESIGN
1.QUANTITIES.

:, i)so4 780 0."

100 1.30 1000 0.92

"* PROGRAM COSTx
.. (_._ • + ). ;

Fl RECURRING DESIGN NRTC INFLATION
MACHINING COST QUANTITY FACTOR"

TOTAL COST PER PART PROGRAM COST/DESIGN QUANTITY : /_. a -

"INFLATION FACTOR SUPPLIED BY USER'S COMPANY.

, o 4.9-7
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